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(54) STAGE DEVICE AND ALIGNER AND POSITIONING METHOD USING THE STAGE 
DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To make the movable 
range of a stage larger than the measurable range of an 
interferormeter for measuring the position of the stage, 
and to accurately measure the position of the stage. 
SOLUTION: A wafer stage WST is moved from a 
position, where mobile mirrors 22X and 22Y on the side 
faces are not irradiated with laser beams from laser 
interferometers 15X1, 15X2, and 15Y, and when the 
wafer stage WST enters the measurable range of the 
laser interferometers 15X1, 15X2, and 15Y, the position 
of a reference mark MA is measured by a wafer 
alignment sensor, and the measured values of the laser 
interferometers 15X1, 15x2, and 15Y are corrected 
based on the measured result. Also, when a stage 14 for 

measurement enters the measurable range of the laser interferometers 15X1, 15X2, and 15Y, 
the position of the reference mark MB is measured by the wafer alignment sensor, and the 
measured values of the laser interferometers 15X1, 15X2, and 15Y are corrected, based on 
the measured result. 
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* NOTICES 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s) 

[Claim 1 Are a stage device characterized by comprising the following, and each of two or 
more of said movable stages is received, A stage device having the 2nd system of 
measurement that measures the degree of agreement to the amount of position gaps from a 
predetermined reference position in said measuring range of this movable stage, or said 
reference position, and amending a measurement value of said 1st system of measurement 
based on a measuring result of said 2nd system of measurement. 

Two or more movable stages arranged mutually-independent along a predetermined moving 
face enabling free movement. 

The 1st system of measurement that is in a predetermined measuring range and measures a 
position of one movable stage in said two or more movable stages. 

[Claim 2 A stage device provided with the 1st system of measurement that is in the 1st 
predetermined measuring range and measures a position of two or more movable stages 
arranged mutually-independent along a predetermined moving face characterized by 
comprising the following enabling free movement, and one movable stage in said two or more 
movable stages. 

The 2nd system of measurement that is in the 2nd measuring range that overlaps with said 1st 
measuring range selectively, and measures a position continuously to each of two or more of 
said movable stages. 

A control system which amends a measuring result of this 2 ** system of measurement based 
on a measuring result of said 1st and 2nd systems of measurement. 

[Claim 3 A stage device, wherein it is the stage device according to claim 2, said 1st system of 
measurement is an interferometer and said 2nd system of measurement is two or more 
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interferometers which have a measuring range which overlaps selectively one by one. 
[Claim 4 They are claims 1 and 2 or the exposure device provided with a stage device given in 
three, An exposure device transferring on a substrate laying a mask in which a mutually 
different pattern was formed in said two or more movable stages of said stage device, and 
positioning a pattern of a mask on said two or more movable stages by turns. 
[Claim 5 They are claims 1 and 2 or the exposure device provided with a stage device given in 
three, An exposure device laying a mask on the 1st of two or more of said movable stages of 
said stage device movable stage, laying a characteristic measuring device for measuring the 
characteristic at the time of transferring a pattern of said mask on the 2nd movable stage, and 
transferring a pattern of said mask on a substrate. 

[Claim 6 Being claims 1 and 2 or the exposure device provided with a stage device given in 
three, laying a substrate on said two or more movable stages of said stage device, 
respectively, and positioning said two or more movable stages to an exposure position by 
turns. An exposure device exposing a predetermined mask pattern by turns on said two or 
more substrates. 

[Claim 7 Are an exposure device characterized by comprising the following, and a substrate is 
laid on the 1st [ of two or more of said movable stages of said stage device movable stage, 
An exposure device laying a characteristic measuring device for measuring the imaging 
characteristic of said projection optical system on the 2nd movable stage, and exposing a 
predetermined mask pattern via said projection optical system on a substrate on said 1st 
movable stage. 

Claims 1 and 2 or a stage device given in three. 
A projection optical system. 

[Claim 8 When it is a positioning method using the stage device according to claim 1 and one 
movable stage in said two or more movable stages enters in a measuring range of said 1st 
system of measurement, A positioning method using a stage device measuring the degree of 
agreement to the amount of position gaps from a predetermined reference position in said 
measuring range of this movable stage, or said reference position according to said 2nd 
system of measurement, and amending a measurement value of said 1st system of 
measurement based on this measuring result. 

[Claim 9 They are claim 2 or a positioning method using a stage device given in three, When 
one movable stage in said two or more movable stages enters in said 1st measuring range 
from said 2nd measuring range side, A positioning method using a stage device measuring a 
position of said movable stage simultaneously and doubling a measuring result of said 1st 
system of measurement with a measuring result of said 2nd system of measurement based on 
this measuring result according to said 1st and 2nd systems of measurement. 
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* NOTICES 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention 
[0001] 

[Field of the Invention A stage device for this invention to position a machining object etc., for 
example, And it is used for the exposure device which was provided with the stage device and 
provided with various mechanisms, such as especially imaging characteristic measuring 
structure, about the exposure device used when transferring a mask pattern on a substrate by 
the lithography process for manufacturing a semiconductor device, a liquid crystal display 
element, or a thin film magnetic head, and is suitable. 
[0002] 

[Description of the Prior Art High exposure precision is demanded of the one-shot exposure 
type (stepper type) used when manufacturing a semiconductor device etc., or scanning 
exposure type exposure devices (step and scanning method etc.). Therefore, in the exposure 
device, the moving mirror is being conventionally fixed to the side by the reticle stage which 
lays and positions the reticle as a mask, or the wafer stage which lays the wafer as a substrate 
and carries out two-dimensional movement, respectively. 

By irradiating that moving mirror with a measuring beam from interferometers, such as a laser 
interferometer, the movement magnitude of the stage concerned is always measured 
continuously, and a stage can be positioned now with high precision based on this measured 
value. 

In such a stage device, the interferometer of three axes has usually realized displacement 
measurement of 3 flexibility called the movement component of the direction of two dimensions 
of a movable stage, and a rotation component. 

[0003] However, in such a conventional stage device. Since the measurement beam from each 
interferometer always needs to be irradiated by the moving mirror, respectively in all the fields 
of the maximum moving range (movable range) of a movable stage, a moving mirror, Even if 
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the movable stage moved, the size needed to be made larger than a movable range so that it 
might continue reflecting the measurement beam from each interferometer. 
[0004]for this reason - a large-sized moving mirror being needed and following on it, if it is 
going to extend the movable range of a movable stage - the shape of the whole stage - large 
- not becoming -- the problem that it becomes difficult not to obtain, therefore for a stage to 
become heavy and to make it move at high speed arises. A great technical difficulty follows on 
processing a large-sized moving mirror with predetermined flatness, and fixing to the side of a 
movable stage, without making a still bigger moving mirror produce bending also has great 
difficulty technically. However, since the fall of the flatness of a moving mirror leads to the fall 
of the positioning accuracy of the stage by an interferometer directly, the problem that the 
movable range of a movable stage must be restricted eventually has produced it. 
[0005]As a stage device for solving such a problem, there are some which are indicated by 
JP,7-253304,A, for example. This indicated stage device by installing more numbers than the 
number of the flexibility of displacement of a movable stage (for example, it is considered as 3 
flexibility) of interferometers (for example, four axes), Even if the measurement beam from the 
interferometer of 1 separates from the time base range of a moving mirror, it can be made to 
perform measurement for the flexibility of movement of the stage concerned with the remaining 
interferometers. And by setting up the measured value in the remaining interferometers as an 
initial value of the interferometer of 1, if a moving mirror enters again in the time base range of 
the interferometer of 1 which separated from the moving mirror, As the movement magnitude 
of a movable stage can be measured with the interferometer of 1 , the size of the moving mirror 
is made smaller than the movable range of a movable stage. 

[0006]Since it is necessary to expose where the high imaging characteristic which is an always 
proper light exposure is maintained in these exposure devices, The reticle stage which 
positions reticle, or the wafer stage which performs positioning of a wafer is equipped with the 
metering device for measuring imaging characteristics, such as states, such as illumination of 
exposing light, and projecting magnification. For example, there are a space image detection 
system for measuring the dose monitor for measuring the incidence energy of the exposing 
light to a projection optical system as a metering device with which the wafer stage is 
equipped, a position, contrast of a projection image, etc., etc. There is an orientation plate with 
which the index mark used for imaging characteristic measurement of a projection optical 
system, for example was formed on the other hand as a metering device which it has on the 
reticle stage. 
[0007] 

[Problem(s) to be Solved by the Invention Rationalization of the light exposure was attained 
using the metering device formed in the reticle stage or the wafer stage in the conventional 
exposure device like the above, and the high imaging characteristic was maintained. On the 
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other hand, it is also required that the throughput (productivity) of the exposure process at the 
time of manufacturing a semiconductor device etc. should be raised to the latest exposure 
device. As a method for raising a throughput, driving speed of a stage other than the method to 
which the exposure energy per unit time is made to increase is enlarged, with a one-shot 
exposure type, stage stepping time is shortened and there is the method of shortening stage 
stepping time and scanning exposure time with a scanning exposure type. 
[0008]Thus, in order to raise the driving speed of a stage, when a stage system is the same 
size, in order for what is necessary to be just to use the drive motor of a larger output and to 
raise driving speed with the drive motor of the conversely same output as the former, it is 
necessary to miniaturize and to carry out the weight saving of the stage system. However, if 
the drive motor of a larger output is used like the former, the quantity of heat generated from 
the drive motor will increase. The quantity of heat which increases in this way produces 
delicate heat modification of a stage system, and has a possibility that the high positioning 
accuracy demanded with the exposure device may no longer be acquired. Then, in order to 
prevent degradation of positioning accuracy and to improve driving speed, a miniaturization 
and carrying out a weight saving are expected a stage system as much as possible like the 
latter. 

[0009]ln particular, in a scanning exposure type exposure device, scanning exposure time is 
also shortened by improvement in driving speed, and a throughput is greatly improved, and 
there is a big advantage that the synchronous accuracy of reticle and a wafer also improves 
and image formation performance and superposition accuracy also improve by the 
miniaturization of a stage system. However, when the reticle stage or the wafer stage is 
equipped with various metering devices like before, it is difficult to miniaturize a stage. 
[0010]When the reticle stage or the wafer stage is equipped with the metering device for 
measuring the state of exposing light, or an imaging characteristic, the heat source of amplifier 
etc. is usually attached to the metering device, and the temperature of the metering device 
rises gradually by the exposure of exposing light during measurement. As a result, a reticle 
stage or a wafer stage carries out heat modification delicately, and there is also a possibility 
that positioning accuracy, superposition accuracy, etc. may deteriorate. Under the present 
circumstances, although degradation of the positioning accuracy by the rise in heat of a 
metering device, etc. is slight, it is expected that the necessity of inhibiting the influence of the 
rise in heat of a metering device increases as circuit patterns, such as a semiconductor device, 
will carry out minuteness making further from now on. 

[0011]Although the length of a moving mirror can be made small compared with the movable 
range of a movable stage by using the stage device indicated by above-mentioned JP,7- 
253304,A about this, it can seldom contribute to the miniaturization of the movable stage itself 
even in this case. Therefore, another device is required in order to aim at mitigation of the 
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influence of the improvement in the throughput of an exposure process, and the exposure heat 
of exposing light. 

[0012]ln the exposure device, especially the projection aligner, raising resolution, the depth of 
focus (DOF:Depth of Forcus), line width control precision, etc. other than the improvement in a 
throughput is also called for. Here, if an exposure wavelength is set to lambda and the 
numerical aperture of a projection optical system is made into N.A., the resolution R is 

proportional to lambda/NA, and depth-oMocus DOF is proportional to lambda (N.A.) 2 . For 
this reason, if the exposure wavelength lambda is only made small and numerical aperture 
N.A. is enlarged in order to raise the resolution R (the value of R is made small), depth-of- 
focus DOF will become small too much. 

[0013]ln order to manufacture a device about this, it is necessary to form on a wafer the 
pattern in which cyclic patterns like a line and space (last shipment) pattern, an isolated pattern 
like a contact hole (CH) pattern, etc. combined. And the art of raising resolution is developed, 
without narrowing the depth of focus by what is called a deformation illumination method about 
these days, for example, cyclic patterns, as indicated by JP,4-225514,A. The phase shift reticle 
method is also developed. Similarly, the art of raising the depth of focus etc. substantially by 
the method of controlling the coherence factor of the illumination light, for example is 
developed also about the isolated pattern. 

[0014]Such technology trends are made into a background, and the double exposure method 
is improved as a method of raising resolution, without making the depth of focus shallow too 
much substantially. That is, if a double exposure method is applied, the depth of focus large as 
a whole and high resolution will be obtained by dividing the reticle pattern for some layers into 
two or more reticle patterns according to a kind, and exposing each in piles by the optimal 
lighting conditions and an exposing condition. These days, the trial in which the pattern of the 
device which applies this double exposure method for a KrF excimer laser and also an ArF 
excimer laser to the projection aligner used as exposing light, for example, contains the last 
shipment pattern whose line width is up to 0.1 micrometer will be exposed is also examined. 
[0015]However, since it is necessary to repeat processes, such as alignment and exposure, 
serially and to perform them if it is going to apply this double exposure method to a projection 
aligner with one set of a wafer stage, there is inconvenience that a throughput deteriorates 
substantially. Then, in order to raise a throughput, two or more wafer stages are provided and 
the projection aligner which enabled it to perform alignment and exposure in parallel is also 
proposed. However, if the position of the movable stage of each wafer stage shall only be 
measured with an interferometer when providing two or more sets of wafer stages in this way, 
When each movable stage moved greatly, in order that the measuring beam of an 
interferometer might break off, when positioning each movable stage to an exposure position 
by turns, there was inconvenience that it was difficult to position each movable stage in the 
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state of having reproducibility promptly. 

[0016]ln the stage device which has two or more functions, this invention miniaturizes a flexible 
region in the state where two or more of those functions can be performed, in view of this 
point, and can move the flexible region at high speed, and. It sets it as the 1st purpose to 
provide the stage device which can measure the position of the flexible region with high 
precision in the state of having reproducibility. In order to perform double exposure etc., this 
invention sets it as the 2nd purpose to provide the stage device which can be promptly 
positioned in the state of having reproducibility in a target position flexible region each 
respectively, when two or more flexible regions are provided. 

[0017]This invention is in the state which maintained the function which measures the 
characteristic at the time of having such a stage device and transferring the pattern of reticle, 
or the imaging characteristic of a projection optical system, and sets it as the 3rd purpose to 
provide the exposure device which can miniaturize the flexible region for positioning reticle or a 
wafer. This invention is provided with such a stage device, and sets it as the 4th purpose to 
provide the exposure device which can enforce a double exposure method etc. by a high 
throughput. 

[0018]An object of this invention is also to provide the positioning method which can position 

promptly using such a stage device. 

[0019] 

[Means for Solving the Problem Two or more movable stages (WST, 14) where the 1st stage 
device by this invention has been arranged mutually-independent along a predetermined 
moving face enabling free movement, Are the stage device provided with the 1st system of 
measurement (15X1, 15X2, 15Y) that is in a predetermined measuring range and measures a 
position of one movable stage in two or more of the movable stages, and each of two or more 
of the movable stages is received, It has the 2nd system of measurement (16, 17A, 17B) that 
measures the degree of agreement to the amount of position gaps from a predetermined 
reference position in that measuring range of this movable stage, or its reference position, and 
a measurement value of that 1st system of measurement is amended based on a measuring 
result of that 2nd system of measurement. 

[0020]According to the 1st stage device of this this invention, when performing two or more 
functions, such as exposure and characteristic measurement, for example, a movable stage is 
assigned for every (two or more function groups of every or ) function, and two or more 
movable stages (flexible region) are provided. By this, since it can miniaturize, each movable 
stage can be driven at a high speed, respectively. However, in order that a measuring beam of 
a laser interferometer may break off if each movable stage moves greatly when two or more 
movable stages are only provided and a laser interferometer of a relative displacement system 
of measurement, for example, one axis, is formed as the 1st system of measurement, a certain 
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starting point setting-operation is needed. So, in this invention, the 2nd system of 
measurement (16, 17A, 17B) was established as a kind of absolute value system of 
measurement. 

[0021 ]And one movable stage (WST) in two or more of the movable stages, When it enters in 
the measuring range from the exterior of a measuring range of the 1st system of 
measurement, By measuring the amount of position gaps from a predetermined reference 
position in that measuring range of that movable stage according to that 2nd system of 
measurement (absolute value system of measurement), for example, presetting this amount of 
position gaps at a measurement value of that 1st system of measurement. A measurement 
value of the 1st system of measurement comes to show a position of the movable stage 
correctly in a form where it has reproducibility. Or what is necessary is to reset a measurement 
value of the 1st system of measurement, or just to preset to a predetermined value, when the 
2nd system of measurement measures the degree of agreement (for example, the degree of 
agreement of two random patterns) and the degree of agreement becomes more than a 
predetermined level. Each movable stage is positioned with high precision in the state of 
having reproducibility promptly by this. 

[0022]Next, two or more movable stages (WST1, WST2) where the 2nd stage device by this 
invention has been arranged mutually-independent along a predetermined moving face 
enabling free movement, Are the stage device provided with the 1st system of measurement 
(87Y3) that is in the 1st predetermined measuring range and measures a position of one 
movable stage in two or more of the movable stages, and each of two or more of the movable 
stages is received, The 2nd system of measurement (87Y2, 87Y4) that is in the 2nd measuring 
range that overlaps with that 1st measuring range selectively, and measures a position 
continuously, and a control system (38) which amends a measuring result of these two 
systems of measurement based on a measuring result of those 1st and 2nd systems of 
measurement are established. 

[0023]According to the 2nd stage device of this this invention, in order to perform double 
exposure, for example, two or more movable stages (WST1, WST2) are provided. As a result, 
since it will separate from a measuring beam of that laser interferometer as that 1st system of 
measurement when each movable stage is moved greatly if a laser interferometer of one axis 
as a relative displacement system of measurement is used, for example, How each movable 
stage is positioned in a form where it has reproducibility poses a problem. On the other hand, 
in this invention, a laser interferometer of one axis (or plural shafts) as for example, a relative 
displacement system of measurement is used also as the 1st system of measurement. And 
when one movable stage in two or more of the movable stages enters in the 2nd measuring 
range, for example from the 1st measuring range side. Measured value of the 1st system of 
measurement is received and passed to the 2nd system of measurement by measuring a 
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position of the movable stage simultaneously according to the 1st system of measurement and 
2nd system of measurement, and presetting a value which amended a measurement value of 
the 1st system of measurement according to an angle of rotation of the movable stage at a 
measurement value of the 2nd system of measurement. After this, the movable stage can be 
positioned with high precision in the state of having reproducibility, using the 2nd system of 
measurement. 

[0024]ln this case, the order of interference (integer) N1, N2, the phase (rad) phi 1, phi 2 (this 
is equivalent to phase contrast of a reference signal and a measurement signal by a 
heterodyne-interferometry method), that 1st system of measurement and the 2nd system of 
measurement, respectively, And it may be made to measure a position of a movable stage 
using the function f of the wavelength lambda of a measuring beam (lambda) in a form of f 
(lambda) {N1 phil (2 pi)} and f (lambda) {N2 phi2 (2 pi)}. And when it becomes measurable 
[ the 2nd system of measurement ] and a position of the movable stage is simultaneously 
measured according to the 1st system of measurement and 2nd system of measurement. 
From a measurement value of the 1st system of measurement, and an angle of rotation of the 
movable stage, order-of-interference N2' of the 2nd system of measurement, And phase phi2' 
is presumed and it is more desirable than degree N2', phase phi2', and the phase phi 2 
measured by the 2nd system of measurement to determine a preset value of the degree N2 of 
the 2nd system of measurement, it is setting a measurement value of that 2nd system of 
measurement to f (lambda) {N2 phi2 (2 pi)} after this -- a measurement error of an angle of 
rotation of that movable stage, etc. - being certain - even if a grade produces, a position of 
that movable stage is measurable with peculiar reproducibility of that 2nd system of 
measurement. The function f (lambda) is lambda/m, using the two or more integers m as an 
example. 

[0025]Next, the 1st exposure device by this invention is an exposure device provided with a 
stage device of this invention, A mask (R1, R2) in which a mutually different pattern was 
formed in two or more of the movable stages (RST1 , RST2) of the stage device is laid, and a 
pattern of a mask on two or more of the movable stages is transferred on a substrate (W1), 
positioning by turns. 

[0026]According to the 1st exposure device of this this invention, it can expose using a double 
exposure method and improvement in resolution and the depth of focus can be aimed at. 
Since it has a stage device of this invention, when measuring a position of the movable stage, 
for example with a laser interferometer, a moving mirror installed in the movable stage can be 
made smaller than a moving range of the movable stage, and weight of the movable stage can 
be made small. Therefore, it becomes easy to move the movable stage at high speed, and 
improvement in a throughput can be aimed at. 

[0027]Next, the 2nd exposure device by this invention is an exposure device provided with a 
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stage device of this invention, A mask (R) is laid on the 1st of two or more of the movable 
stages (RST, 5) of the stage device movable stage (RST), A characteristic measuring device 
(6) for measuring the characteristic at the time of transferring a pattern of the mask is laid on 
the 2nd movable stage (5), and a pattern of the mask (R) is transferred on a substrate (W). 
[0028]Since a size of the 1st movable stage is made to necessary minimum by giving only the 
minimum function required for exposure to the 1st movable stage (RST) used for original 
exposure according to the 2nd exposure device of this this invention, a miniaturization of a 
stage and a weight saving are performed and improvement in a throughput is aimed at - 
things can be carried out. On the other hand, there is no necessity in exposure directly, and 
since a characteristic measuring device (6) for measuring the characteristic at the time of 
transferring a pattern of the mask (R) is carried in 2nd another movable stage (5), it can also 
measure the characteristic at the time of transferring a pattern of the mask. Since it has a 
stage device of this invention, a position of two or more of the movable stages is measurable 
with high precision. 

[0029]Next, the 3rd exposure device by this invention is an exposure device provided with a 
stage device of this invention, A predetermined mask pattern is exposed by turns on two or 
more of the substrates, laying a substrate (W1 , W2), respectively on two or more of the 
movable stages (WST1 , WST2) of the stage device, and positioning two or more of the 
movable stages to an exposure position by turns. 

[0030]According to the 3rd exposure device of this this invention, performing exposure 
operation in one movable stage (WST1) of two or more of the movable stages (WST1, WST2). 
In another movable stage (WST2), carrying in out and alignment operation of a substrate can 
be performed, and improvement in a throughput can be aimed at. Since it has a stage device 
of this invention, a position of two or more of the movable stages is measurable with high 
precision. 

[0031]Next, the 4th exposure device by this invention is a stage device of this invention, and 
an exposure device provided with a projection optical system (PL), A substrate (W) is laid on 
the 1st [ of two or more of the movable stages (WST, 14) of the stage device movable stage 
(WST), A characteristic measuring device (20) for measuring the imaging characteristic of the 
projection optical system is laid on the 2nd movable stage (14), and a predetermined mask 
pattern is exposed via the projection optical system on a substrate on the 1st movable stage. 
[0032]According to the 4th exposure device of this this invention, by giving only the minimum 
function required for exposure to the 1st movable stage (WST) used for original exposure, a 
miniaturization of the 1st movable stage (WST) and a weight saving can be performed, and 
improvement in a throughput can be aimed at. On the other hand, there is no necessity in 
exposure directly, and since a characteristic measuring device (20) for measuring the imaging 
characteristic of the projection optical system is carried in 2nd another movable stage (14), it 
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can also measure an imaging characteristic. Since it has a stage device of this invention, a 
position of two or more of the movable stages is measurable with high precision. 
[0033]Next, the 1st positioning method by this invention is a positioning method which used a 
stage device of this invention, When one movable stage (WST) in two or more of the movable 
stages (WST, 14) enters in a measuring range of the 1st system of measurement, The degree 
of agreement to the amount of position gaps from a predetermined reference position in that 
measuring range of this movable stage or its reference position is measured according to that 
2nd system of measurement, and a measurement value of that 1st system of measurement is 
amended based on this measuring result. According to this positioning method, two or more of 
the movable stages can be positioned with high precision in the state of having reproducibility 
easily, respectively. 

[0034]Next, the 2nd positioning method by this invention is a positioning method which used a 
stage device of this invention, When one movable stage in two or more of the movable stages 
(WST1, WST2) enters in the 1st measuring range from the 2nd measuring range side, 
According to those 1st and 2nd systems of measurement, a position of that movable stage is 
measured simultaneously and a measuring result of that 1st system of measurement is 
doubled with a measuring result of that 2nd system of measurement based on this measuring 
result. According to this positioning method, two or more of the movable stages can be 
positioned with high precision in the state of having reproducibility easily, respectively. 
[0035] 

[Embodiment of the Invention Hereafter, with reference to drawing 1 - drawing 4 , it explains per 
1st embodiment of this invention. This example applies this invention to the projection aligner 
of a step and scanning method. Drawing 1 shows the projection aligner of this example, and in 
this drawing 1 at the time of exposure. Exposing light IL ejected from the illumination system 1 
including an exposure light source, a beam shaping optical system, the fly eye lens for 
illuminance distribution equalization, a light volume monitor, a variable aperture diaphragm, a 
field diaphragm, a relay lens system, etc., The slit shape illuminated field of the pattern surface 
side (undersurface) of the reticle R is illuminated via the mirror 2 and the condensing lens 3. 
As an exposing light IL, excimer laser beams, such as KrF (wavelength of 248 nm) or ArF 
(wavelength of 193 nm), the harmonics of an YAG laser, or i line (wavelength of 365 nm) of a 
mercury lamp can be used. By switching the variable aperture diaphragm within the 
illumination system 1 , it is constituted so that the lighting of the request of the usual lighting, 
zona-orbicularis lighting, what is called deformation illumination, the lighting of a small 
coherence factor (sigma value), etc. can be chosen. When an exposure light source is a laser 
light source, the main control system 10 which carries out control control of the operation of the 
whole device controls the light-emitting timing via an unillustrated laser power source. 
[0036]lt is reduced via projection optical system PL with the projecting magnification beta (beta 
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is 1/4 time or 1/5 time), and the image of the pattern in the illuminated field 9 (refer to drawing 
3) by the exposing light IL of the reticle R is projected on the slit shape exposure region 12 on 
wafer (wafer)W to which photoresist was applied. The non-scanning direction which takes the 
Z-axis in parallel with the optic axis AX of projection optical system PL hereafter, and intersects 
perpendicularly with the reticle R at the time of scanning exposure, and the scanning direction 
of the wafer W in a flat surface vertical to the Z-axis. The X-axis is taken in accordance with 
(namely, a direction vertical to the space of drawing 1 ), and a Y-axis is taken and explained 
along a scanning direction (namely, direction parallel to the space of drawing 1 ). 
[0037]First, the reticle R is held by vacuum absorption on the reticle stage RST, and the reticle 
stage RST is laid via the air bearing on the guide 4A of two arranged in parallel, and 4B, 
enabling free movement in the direction of Y. In this example, the stage 5 for measurement is 
laid via the air bearing on the guide 4A and 4B independently the reticle stage RST , 
enabling free movement in the direction of Y. 

[0038] In drawing 3 is a top view showing the reticle stage RST and the stage 5 for 
measurement, and ] this drawing 3 , Along with the guides 4A and 4B extended in the direction 
(scanning direction) of Y, the reticle stage RST and the stage 5 for measurement are laid so 
that it may drive in the direction of Y with an unillustrated linear motor etc., respectively. The 
length of the guides 4A and 4B is set up for a long time by the width of the stage 5 for 
measurement at least rather than the moving stroke of the reticle stage RST at the time of 
scanning exposure. The reticle stage RST is constituted combining the coarse adjustment 
stage which moves in the direction of Y, and the jogging stage which can tune a two- 
dimensional position finely on this coarse adjustment stage. On the reticle mark stage RST, 
one pair of reference mark boards 17C1 and 17C2 are fixed by physical relationship which 
sandwiches the reticle R in the direction of X, and two-dimensions, for example, cross joint, 
type reference mark MC1 and MC2 are formed the reference mark board 17C1 and 17C2, 
respectively. The physical relationship of reference mark MC1, MC2, and the original plate 
pattern of the reticle R is measured with high precision beforehand, and is memorized by the 
storage parts store of the main control system 10. 

[0039]And the orientation plate 6 which consists of a long and slender glass plate in the 
direction of X is fixed on the stage 5 for measurement, and two or more index mark IM for 
imaging characteristic measurement of projection optical system PL is formed by prescribed 
arrangement on the orientation plate 6. the slit shape illuminated field 9 of exposing light as 
opposed to the reticle R in the orientation plate 6 ] -- more - exact -- the width of the direction 
of X of the view by the side of the reticle R of projection optical system PL - a wrap - things 
are provided with all possible sizes. By using the orientation plate 6, since it becomes do not 
need to prepare the exclusive reticle for imaging characteristic measurement, and 
unnecessary [ the swap time of the reticle R for real exposure, and its exclusive reticle , an 
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imaging characteristic can be measured in high frequency and aging of projection optical 
system PL can be followed correctly. The stage 5 for measurement is also equipped with the 
positioning mechanism in the minute range over the direction (non-measurement direction) of 
X, and. On the stage 5 for measurement, one pair of reference mark boards 17D1 and 17D2 
are fixed so that the orientation plate 6 may be inserted in the direction of X, and two- 
dimensions, for example, cross joint, type reference mark MD1 and MD2 are formed the 
reference mark board 17D1 and 17D2, respectively. The physical relationship of reference 
mark MD1, MD2, and two or more index mark IM is also measured correctly beforehand, and 
is memorized by the storage parts store of the main control system 10. 
[0040]Thus, in this example, the stage 5 for measurement for orientation plate 6 is formed 
independently, and the member for measurement is not carried besides the reticle R on the 
original reticle stage RST. That is, since the reticle stage RST should be provided only with a 
necessary minimum scan and a positioning function for scanning exposure, the miniaturization 
of the reticle stage RST and the weight saving are realized. Therefore, since the reticle stage 
RST can be scanned more at a high speed, the throughput of an exposure process improves, 
in reduction projection, since especially the scan speed of the reticle stage RST becomes 
twice [ 1/beta ] (for example, 4 times, 5 times, etc.) a scan speed of a wafer stage, the 
maximum of a scan speed may be determined mostly in a reticle stage, and its throughput 
improves greatly especially by this example in this case. 

[0041 ]A laser beam is irradiated by the moving mirror 24Y of the side of the direction of Y of 
the reticle stage RST from the laser interferometer 7Y installed in the direction of Y to the 
guides 4A and 4B, A laser beam is irradiated by the moving mirror 24X of the side of the 
direction of +X of the reticle stage RST from the biaxial laser interferometer 7X1 installed in the 
direction of X, and 7X2, The X coordinate of the reticle stage RST, a Y coordinate, and an 
angle of rotation are measured by the laser interferometer 7Y, 7X1, and 7X2, a measurement 
value is supplied to the main control system 10 of drawing 1 , and the main control system 10 
controls the speed and the position of the reticle stage RST by them via a linear motor etc. 
based on the measurement value. A laser beam is irradiated by the moving mirror 25Y of the 
side of the direction of -Y of the stage 5 for measurement from the laser interferometer 8Y 
installed in the direction of -Y to the guides 4A and 4B, and the Y coordinate of the stage 5 for 
measurement measured by the laser interferometer 8Y is supplied to the main control system 
10. The optic axis of the laser interferometers 7Y and 8Y of a Y-axis has passed the center AX 
of the illuminated field 9, i.e., the optic axis of projection optical system PL, in accordance with 
the direction of Y, respectively, and the laser interferometers 7Y and 8Y are always measuring 
the position of the scanning direction of the reticle stage RST and the stage 5 for 
measurement, respectively. 

[0042]Mirror surface finish of the side in which the reticle stage RST intersects perpendicularly 
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is carried out, and it may consider that these mirror planes are the moving mirrors 24X and 
24Y, and mirror surface finish of the side in which the stage 5 for measurement intersects 
perpendicularly is carried out, and it may be considered that these mirror planes are the 
moving mirrors 25X and 25Y. The alignment mark (reticle mark) formed above the reticle R on 
the reticle R as this example showed to drawing 1 , One pair of reticle alignment microscopes 
RA and RB for detecting the amount of position gaps with the reference mark (un-illustrating) 
on a corresponding wafer stage are arranged. The straight line passing through the detecting 
center of reticle alignment microscope RA and RB is parallel to the X-axis, and the center of 
those detecting centers has agreed in the optic axis AX. In this example, the position of 
reference mark MC1 on the reticle stage RST shown in drawing 3 , MC2 and reference mark 
MD1 on the stage 5 for measurement, and MD2 is detected using reticle alignment microscope 
RA corresponding to the 2nd system of measurement (absolute value system of 
measurement) of this invention, and RB. 

[0043]And if the stage 5 for measurement is moved in the direction of Y so that the reticle 
stage RST may be made to shunt in the direction of +Y and the orientation plate 6 may cover 
the illuminated field 9 mostly at the time of measurement of an imaging characteristic, The 
laser interferometer 7X1 and the laser beam from 7X2 separate from the side of the reticle 
stage RST, and come to be irradiated by the moving mirror 25X of the direction of X of the 
stage 5 for measurement. At this time, reticle alignment microscope RA and RB detect the 
amount of position gaps from the detecting center (the center of a view) of reference mark 
MD1 on the orientation plate 6, and MD2, respectively, The main control system 10 of draw ing 
Impositions the stage 5 for measurement so that the amount of position gaps may become 
small symmetrically and most to the detecting center where the center of reference mark MD1 
and MD2 corresponds, respectively. And the laser interferometer 7X1 of the X-axis and the 
measurement value of 7X2 are reset in this state, respectively. Those measurement values 
may be preset to a predetermined value. 

[0044]After this, it is measured with high precision in the laser interferometer 7X1 and the state 
where the position of the direction of X of the stage 5 for measurement and an angle of rotation 
have reproducibility by 7X2, and the position of the direction of Y of the stage 5 for 
measurement is always measured by high degree of accuracy with the laser interferometer 8Y. 
Therefore, based on these measurement values, the main control system 10 can control the 
position of the stage 5 for measurement with high precision via a linear motor etc. It may be 
made to preset the laser interferometer 7X1 and the measurement value of 7X2 to a value 
corresponding, respectively based on those amounts of position gaps instead of making the 
amount of position gaps of reference mark MD1 and MD2 into the minimum as mentioned 
above. 

[0045]On the other hand, although the position of the non-scanning direction of the reticle 
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stage RST is not measured during measurement, if the reticle stage RST reaches under the 
illuminated field 9 for exposure, the laser interferometer 7X1 and the laser beam from 7X2 will 
come to be again irradiated by the moving mirror 24X of the reticle stage RST. And the amount 
of position gaps of reference mark MC1 on the reticle stage RST and MC2 is detected like the 
case of the stage 5 for measurement using reticle alignment microscope RA and RB, The main 
control system 10 is in the state which positioned the reticle stage RST so that those amounts 
of position gaps may become symmetrically and the smallest, and it presets the laser 
interferometer 7X1 and the measurement value of 7X2 to a predetermined value. The position 
of the direction of X of the reticle stage RST and measurement of an angle of rotation are 
performed in the state where it is reproducible after this, and since the position of the direction 
of Y is always measured by the laser interferometer 7Y, it can position the reticle stage RST in 
a desired position with high precision. Therefore, there is no inconvenience of the laser 
interferometer 7X1 and the laser beam from 7X2 breaking off. 

[0046]lt returns to drawing 1 , the wafer W is held on the wafer stage WST via an unillustrated 
wafer holder, and the wafer stage WST is laid via the air bearing on the surface plate 13, 
enabling free movement in the direction of X, and the direction of Y. The position (focusing 
position) of the Z direction of the wafer W and the focal leveling mechanism which controls an 
angle of inclination are also included in the wafer stage WST. The stage 14 for measurement 
provided with various kinds of metering devices in the direction of X and the direction of Y via 
the air bearing by the different body enabling free movement is laid in the wafer stage WST on 
the surface plate 13. The mechanism which controls the focusing position of the upper surface 
is built also into the stage 14 for measurement. 

[0047]ln drawing 2 is a top view showing the wafer stage WST and the stage 14 for 
measurement, and ] this drawing 2 , To the inside of the surface of the surface plate 13, a coil 
row is embedded in predetermined arrangement, On the bottom of the wafer stage WST, and 
the bottom of the stage 14 for measurement, a magnet row is embedded with a yoke, 
respectively, A planar motor is constituted, respectively, the direction of X of the wafer stage 
WST and the stage 14 for measurement and the direction of Y are located with this planar 
motor, and the angle of rotation is controlled by that coil row and a corresponding magnet row 
mutually-independent. About the planar motor, it is indicated more by details, for example in 
JP,8-51756,A. 

[0048]The wafer stage WST of this example is provided only with the minimum function 
required for exposure. Namely, the wafer stage WST is provided with a focal leveling machine, 
and on the wafer stage WST, The wafer holder (bottom side of the wafer W) which carries out 
adsorption maintenance of the wafer W, and the reference mark board 17A with which 
reference mark MA for position measurement of the wafer stage WST was formed are 
installed. On the reference mark board 17A, the reference mark for reticle alignment (un- 
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illustrating) is also formed. 

[0049]As shown in dr awing 1 , the wafer alignment sensor 16 of the image processing method 
is adjoined and formed in projection optical system PL by the off-axis method for alignment of 
the wafer W, and the detecting signal of the wafer alignment sensor 16 is supplied to the 
alignment process system within the main control system 10. The wafer alignment sensor 16 is 
a sensor for position measurement of the alignment mark (wafer mark) attached to each shot 
region on the wafer W. In this example, detecting positions, such as reference mark MA on the 
wafer stage WST, are performed using the wafer alignment sensor 16. That is, the wafer 
alignment sensor 16 supports the 2nd system of measurement (absolute value system of 
measurement) of this invention. 

[0050]The surface of the stage 14 for measurement is set as the almost same height as the 
surface of the wafer W on the wafer stage WST. And in drawing 2 on the stage 14 for 
measurement. Projection optical system PL. The energy per all unit time of the exposing light 
which passed. (Incidence energy). The illumination unevenness sensor 19 which consists of a 
photoelectric sensor for measuring the illuminance distribution in the slit shape exposure 
region 12 by the dose monitor 18 and projection optical system PL which consist of a 
photoelectric sensor for measuring, the measuring plate 20 with which the slits 21X and 21 Y 
for imaging characteristic measurement were formed, And the reference mark board 17B with 
which the reference mark MB used as a datum reference was formed is being fixed. The 
physical relationship of the reference mark MB and illumination unevenness sensor 19 grade is 
measured with high precision beforehand, and is memorized by the storage parts store of the 
main control system 10 of drawing 1 . The position of the reference mark MB is also measured 
by the wafer alignment sensor 16. 

[0051]A condenser and a photoelectric sensor are arranged at the bottom side of the slit 21X 
of the X-axis of the measuring plate 20, and the slit 21 Y of a Y-axis, respectively, and the 
space image detection system comprises the measuring plate 20, a photoelectric sensor, etc. 
The edge of a rectangular opening may be used instead of the slits 21 X and 21 Y. And the 
acceptance surface of the dose monitor 18 is formed in a wrap size in the exposure region 12, 
and the light sensing portion of the illumination unevenness sensor 19 has become pinhole- 
like, and the detecting signal of the dose monitor 18 and the illumination unevenness sensor 
19 is supplied to the main control system 10 of drawing 1 . 

[0052]The detecting signal of the photoelectric sensor of the pars basilaris ossis occipitalis of 
the measuring plate 20 is supplied to the imaging characteristic arithmetic system 1 1 of 
drawing 1 . In this case, at the time of measurement of the imaging characteristic of projection 
optical system PL. The orientation plate 6 on the stage 5 for measurement by the side of the 
reticle of drawing 3 is moved to the illuminated field 9, The detecting signal from the 
photoelectric sensor of a pars basilaris ossis occipitalis is incorporated by the imaging 
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characteristic arithmetic system 1 1 , the image of index mark IM currently formed in the 
orientation plate 6 being projected on the wafer stage side, and scanning the image in the 
direction of X, and the direction of Y to the slits 21X and 21 Y on the measuring plate 20, 
respectively. In the imaging characteristic arithmetic system 11, that detecting signal is 
processed, the position of the image of that index mark IM, contrast, etc. are detected, and it 
outputs to the main control system 10 in quest of the imaging characteristic of the curvature of 
field of a projection image, distortion, best focus positions, etc. from this detection result. 
Although not illustrated, the mechanism which drives the predetermined lens in projection 
optical system PL, and amends imaging characteristics, such as predetermined distortion, is 
also formed, and the main control system 10 is constituted so that the imaging characteristic of 
projection optical system PL can be amended via this correcting mechanism. 
[0053]ln drawing 2 , the heating source of amplifier etc. and the power supply, and the signal 
cable for communication are connected to the dose monitor 18 with which the stage 14 for 
measurement is equipped, the illumination unevenness sensor 19, and sensors, such as a 
photoelectric sensor of the pars basilaris ossis occipitalis of the measuring plate 20, by each. 
Therefore, when those sensors are carried in the wafer stage WST for exposure, there is a 
possibility that positioning accuracy etc. may deteriorate with the tension of the heat source 
which accompanies a sensor, or a signal cable. The thermal energy by the exposure of the 
exposing light under measurement of an imaging characteristic etc. also has a possibility of 
causing aggravation of positioning accuracy, etc. On the other hand, since those sensors are 
formed in the stage 14 for measurement separated from the wafer stage WST for exposure in 
this example, it miniaturizes and can carry out the weight saving of the wafer stage WST, and. 
There is an advantage which can prevent the fall of the positioning accuracy by the thermal 
energy of the heat source of the sensor for measurement or the exposing light under 
measurement. By the miniaturization of the wafer stage WST, the movement speed of the 
wafer stage WST and controllability improve, and the throughput of an exposure process 
increases, and positioning accuracy etc. improve more. 

[0054]A laser beam is irradiated by the moving mirror 22Y of the side of the direction of Y of 
the wafer stage WST from the laser interferometer 15Y installed in the direction of Y to the 
surface plate 13, -A laser beam is irradiated by the moving mirror 22X of the side of the 
direction of -X of the wafer stage WST from the biaxial laser interferometer 15X1 installed in 
the X directions, and 15X2, The X coordinate of the wafer stage WST, a Y coordinate, and an 
angle of rotation are measured by the laser interferometer 15Y, 15X1, and 15X2, a 
measurement value is supplied to the main control system 10 of drawing 1 , and the main 
control system 10 controls the speed and the position of the wafer stage WST by them via a 
planar motor based on the measurement value. Similarly, the moving mirror 23X of the X-axis 
and the moving mirror 23Y of the Y-axis are attached also to the side of the stage 14 for 
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measurement. Mirror surface finish of the side in which the wafer stage WST intersects 
perpendicularly may be carried out, it may consider that these mirror planes are the moving 
mirrors 22X and 22Y, and it may be considered similarly that the mirror planes of the side of 
the stage 14 for measurement are the moving mirrors 23X and 23Y. 

[0055]And at the time of measurement of the incidence energy of exposing light, etc., the laser 
beam for those position measurement is irradiated by the moving mirrors 23X and 23Y of the 
stage 14 for measurement. Drawing 4 The wafer stage WST at the time of measurement of the 
incidence energy of exposing light, etc., And if the stage 14 for measurement is moved so that 
an example of arrangement of the stage 14 for measurement may be shown, the wafer stage 
WST may be made to shunt in this way in the position which is distant from the exposure 
region 12 and the exposure region 12 may be started, The laser interferometer 15X1, 15X2, 
and the laser beam from 15Y separate from the moving mirrors 22X and 22Y of the wafer 
stage WST, and come to be irradiated by the moving mirrors 23X and 23Y of the stage 14 for 
measurement. At this time, the reference mark MB on the stage 14 for measurement moves 
the stage 14 for measurement so that it may enter in the view 16a of the wafer alignment 
sensor 16 of drawing 1 , And where the angle of rotation of the stage 14 for measurement is 
controlled, the amount of position gaps from the detecting center of the reference mark MB is 
detected so that the laser interferometer 15X1 of the biaxial X-axis and the measurement value 
of 15X2 may turn into the same value. And the main control system 10 presets X ingredient 
and Y ingredient of this amount of position gaps at the laser interferometer 15X1 , 15X2, and 
the measurement value of the laser interferometer 15Y, respectively. After this, the position of 
the stage 14 for measurement is measured with high precision in the laser interferometer 
15X1, 15X2, and the state of having reproducibility by 15Y, and the main control system 10 
can control the position of the stage 14 for measurement with high precision via a planar motor 
based on this measurement value. 

[0056]Make the stage 14 for measurement shunt and it is made for the laser interferometer 
15X1, 15X2, and the laser beam from 15Y to be irradiated by the moving mirrors 22X and 22Y 
of the wafer stage WST on the other hand, at the time of exposure, as shown in drawing 2 , 
Move reference mark MA into the view 16a of the wafer alignment sensor 16, and the laser 
interferometer 15X1 and where the measurement value of 15X2 is coincided, The amount of 
position gaps of reference mark MA is measured, and the measurement value of the laser 
interferometer 15X1, 15X2, and 15Y is preset based on this measurement value. Positioning of 
the wafer stage WST is performed with high precision in the state of having reproducibility after 
this. Since the position of the wafer stage WST and the stage 14 for measurement is roughly 
controllable also by driving a planar motor with an open loop, In the state where the laser 
beam is not irradiated, the main control system 10 drives the position of the wafer stage WST 
and the stage 14 for measurement with an open loop system using a planar motor. 
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[0057]Although it returned to drawing 1 and not being illustrated, in the side of projection 
optical system PL, the focal position detection system (AF sensor) of the oblique incidence 
method for measuring the focusing position of the surface of the wafer W is arranged, and the 
surface of the wafer W under scanning exposure focuses to the image surface of projection 
optical system PL based on this detection result. Next, it explains per operation of the 
projection aligner of this example. First, the incident light quantity of exposing light IL to 
projection optical system PL is measured using the stage 14 for measurement by the side of a 
wafer stage. In this case, in order to measure the incident light quantity in the state where the 
reticle R was loaded, in drawing 1 , the reticle R for exposure is loaded on the reticle stage 
RST, and the reticle R moves onto the illuminated field of exposing light IL. Then, as shown in 
drawing 4 , on the surface plate 13, it shunts in the direction of +Y and the stage 14 for 
measurement moves toward the exposure region 12 by projection optical system PL in the 
wafer stage WST. Then, after presetting the measurement value of the laser interferometer 
15X1, 15X2, and 15Y as mentioned above, In the acceptance surface of the dose monitor 18 
on the stage 14 for measurement, the stage 14 for measurement stops the exposure region 12 
in a wrap position, and the light volume of exposing light IL is measured via the dose monitor 
18 in this state. 

[0058]ln the main control system 10, the measured light volume is supplied to the imaging 
characteristic arithmetic system 1 1 . In this case, it is supplied to the imaging characteristic 
arithmetic system 1 1 by the measurement value produced by detecting the light flux acquired 
by branching from exposing light IL, for example within the illumination system 1, and in the 
imaging characteristic arithmetic system 1 1 . Based on two measurement values, the 
coefficient for calculating indirectly the light volume which enters into projection optical system 
PL is computed and memorized from the light volume monitored within the illumination system 

1. In the meantime, the wafer W is loaded to the wafer stage WST. Then, as shown in drawing 

2, the stage 14 for measurement shunts in the position which is distant from the exposure 
region 12, and the wafer stage WST moves it toward the exposure region 12. Since the laser 
beam from the laser interferometer 15Y, 15X1, and 15X2 is not irradiated as shown in drawing 
4while the wafer stage WST is shunting, position control is performed by driving a planar 
motor with an open loop system, for example. 

[0059]And make the stage 14 for measurement shunt the exposure region 12, and the wafer 
stage WST is moved to the position concerning the exposure region 12, After presetting the 
measurement value of the laser interferometer 15Y, 15X1, and 15X2 as mentioned above, 
Movement of the wafer stage WST is performed so that the center of the reference mark for 
the reticles on the reference mark member 17A on the wafer stage WST (un-illustrating) may 
be located near optic-axis AX (the center of the exposure region 12). Then, so that the amount 
of position gaps of the reticle mark on the reticle R and the corresponding reference mark on 

http://www4.ipdl.inpit.go jp/^ 4/30/2009 



JP,2000- 164504, A [DETAILED DESCRIPTION] 



Page 18 of 39 



the reference mark board 17A may come in predetermined tolerance level using reticle 
alignment microscope RA and RB, Alignment of the reticle R is performed by driving the reticle 
stage RST of drawing 1 , Almost simultaneously with this, the interval (the amount of baselines) 
of the detecting center of the sensor and the center of the projection image of the reticle R is 
correctly detected by detecting again the position of another reference mark MA on the 
reference mark board 17A with the wafer alignment sensor 16 of drawing 1 . 
[0060]Next, the arrangement coordinates of each shot region of the wafer W are searched for 
by detecting the position of the wafer mark attached to the predetermined shot region (sample 
shots) on the wafer W via the wafer alignment sensor 16. Then, scanning exposure is 
performed, performing alignment of the shot region of the exposure object of the wafer W, and 
the pattern image of the reticle R based on the arrangement coordinates and the above- 
mentioned amount of baselines. At the time of the scanning exposure to each shot region on 
the wafer W. In drawing 1 , it synchronizes with the reticle R being scanned by speed VR in the 
direction (or the direction of -Y) of Y via the reticle stage RST to the illuminated field 9 (refer 
to drawing 3 ) of exposing light IL, The wafer W is scanned by speed beta-VR (beta is 
projecting magnification) in the direction (or the direction of X) of -X via the wafer stage WST 
to the exposure region 12. 

[0061]During exposure, are always measured, and it is supplied to the imaging characteristic 
arithmetic system 1 1 by the light volume of the light flux which branched from exposing light IL, 
for example within the illumination system 1, and in the imaging characteristic arithmetic 
system 11. The measurement value of the light volume supplied and the light volume of 
exposing light IL which enters into projection optical system PL based on the coefficient 
currently calculated beforehand are computed, The variation of the imaging characteristics 
(projecting magnification, distortion, etc.) of projection optical system PL generated by 
absorption of exposing light IL is calculated, and this calculation result is supplied to the main 
control system 10. In the main control system 10, the imaging characteristic is amended by 
driving the predetermined lens in projection optical system PL, for example. 
[0062]Although the above is the ordinary exposure, when measuring a device status by the 
maintenance of the projection aligner of this example, etc., it measures by moving the stage 14 
for measurement to the exposure region 12 side. For example, when measuring the 
illumination homogeneity in the exposure region 12, after removing the reticle R from the 
reticle stage RST, illuminance distribution is measured in drawing 4 , moving the illumination 
unevenness sensor 19 slightly in the direction of X, and the direction of Y in the exposure 
region 12. 

[0063]Next, it explains per which measures image formation measurement of projection 
optical system PL operation using the stage 5 for measurement by the side of a reticle stage, 
and the stage 14 for measurement by the side of a wafer stage. In this case, in drawing 3 , the 
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reticle stage RST shunts in the direction of +Y, and the orientation plate 6 on the stage 5 for 
measurement moves into the illuminated field 9 in it. At this time, it comes to be irradiated also 
with the laser interferometer 7X1 of a non-scanning direction, and the laser beam from 7X2 by 
the stage 5 for measurement, and reset (or preset) of a measurement value is performed as 
mentioned above using reticle alignment microscope RA and RB. Then, based on the 
measurement value of the laser interferometer 7X1 , 7X2, and 8Y, the stage 5 for measurement 
is positioned with high precision. 

[0064]At this time, as already explained, the image of two or more index mark IM is projected 
on the wafer stage side via projection optical system PL. In this state, drive the stage 14 for 
measurement in drawing 4 , and the image of that index mark IM to the slit on the measuring 
plate 20 The direction of X, The position of those images and contrast are searched for by 
scanning in the direction of Y and processing the detecting signal of the photoelectric sensor of 
the pars basilaris ossis occipitalis of the measuring plate 20 by the imaging characteristic 
arithmetic system 11. The position of those images and contrast are searched for changing the 
focusing position of the measuring plate 20 the specified quantity every. From these 
measurement results, the imaging characteristic arithmetic system 11 calculates the amount of 
change of imaging characteristics, such as best focus positions of the projection image of 
projection optical system PL, a curvature of field, and distortion (a magnification error is 
included). This amount of change is supplied to the main control system 10, and when that 
amount of change exceeds tolerance level, the main control system 10 amends the imaging 
characteristic of projection optical system PL. 

[0065]As mentioned above, in order to detect the position of reference mark MA and MB and 
to perform presetting of the laser interferometer 15X1, 15X2, and 15Y in the projection aligner 
of this example based on this position information with the wafer alignment sensor 16, By the 
laser interferometer 15X1 , 15X2, and 15Y, the position of the wafer stage WST or the stage 14 
for measurement can be measured with high precision, and can be controlled by high 
reproducibility. By similarly, reticle alignment microscope RA and RB detecting the position of 
reference mark MC1, MC2 or MD1, and MD2, and performing the laser interferometer 7X1, 
reset of 7X2, etc., The position of the reticle stage RST or the stage 5 for measurement can be 
measured with high precision, and can be controlled by high reproducibility. 
[0066]Next, with reference to drawing 5 - drawing 12 , it explains per 2nd embodiment of this 
invention. This example applies this invention to the projection aligner of the step and scanning 
method exposed with a double exposure method. Drawing 5 shows the outline composition of 
the projection aligner of this example, and in this drawing 5 the projection aligner of this 
example, A stage device provided with wafer stage WST1 as two or more movable stages 
which hold the wafer W1 as an induction substrate, and W2, respectively, and move the base 
panel 86 in the direction of two dimensions independently, and WST2, The reticle drive 
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mechanism which drives the reticle R1 as a mask, or R2 (refer to drawing 6 ) to a 
predetermined scanning direction in the upper part of projection optical system PL1 arranged 
above this stage device, and projection optical system PL1, It has the reticle R1, the 
illumination system which illuminates R2 from the upper part, the control system which controls 
these each part, etc. The Z-axis is taken in parallel with optic-axis AXof projection optical 
system PL1 1 hereafter, in a flat surface vertical to the Z-axis, in parallel with the space of 
drawing 5 , a Y-axis is taken at right angles to the space of drawing 5 , and the X-axis is 
explained. In this example, a direction (the direction of Y) parallel to a Y-axis is a scanning 
direction. 

[0067]First, a stage device is provided with the following. 

Surfacing support is carried out via an unillustrated air bearing on the base panel 86, and it is 
two wafer stage WST1 which can move in the direction of X, and the direction of Y freely 
independently, and WST2. 

These wafer stage WST1 , the wafer stage drive system 81 W which drives WST2. 
Interferometer systems which measure the position of wafer stage WST1 and WST2. 

[0068]When this is explained further in full detail, the air pad which is not illustrated on the 
bottom of wafer stage WST1 and WST2. (For example, the vacuum precompression type air 
bearing) is provided in two or more places, and where a several micrometers interval is 
maintained by balance of air ********** 0 f this air pad, and a vacuum precharge pressure, 
surfacing support of wafer stage WST1 and WST2 is carried out on the base panel 86. 
[00691 Drawing 7 shows the drive mechanism of wafer stage WST1 and WST2, and the two X- 
axis linear guides 95A and 95B prolonged in the direction of X are formed in parallel on the 
base panel 86 in this drawing 7. Along with the X-axis linear guides 95A and 95B, 1 set of 
permanent magnets for linear motors are being fixed, respectively, and the two member 
turning 93A and 93C and the two member turning 93B and 93D are attached along with these 
X-axis linear guides 95A and 95B, respectively, enabling free movement. In the base part of 
these four member turning 93A-93D. The unillustrated drive coil is attached, respectively so 
that the X-axis linear guide 95A or 95B may be surrounded from the upper part and the side, 
and by these drive coils and X-axis linear guides 95A, or 95B. The linear motor of the moving 
coil type which drives each member turning 93A-93D in the direction of X is constituted, 
respectively. So, in the following explanation, such member turning 93A-93D shall be called an 
"X-axis linear motor for convenience. 

[0070]These inner 2 ** X-axis linear motors 93A and 93B are formed in the both ends of the Y- 
axis linear guide 94A prolonged in the direction of Y, and are being fixed to the both ends of 
the Y-axis linear guide 94B to which remaining two X-axis linear motors 93C and 93D are also 
prolonged in the direction of Y. In accordance with the direction of Y, 1 set of drive coils for 
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linear motors are being fixed to the Y-axis linear guides 94A and 94B, respectively. Therefore, 
with the X-axis linear motors 93A and 93B, along with the X-axis linear guides 95A and 95B, 
drive the Y-axis linear guide 94A in the direction of X, and the Y-axis linear guide 94B, Along 
with the X-axis linear guides 95A and 95B, it drives in the direction of X with the X-axis linear 
motors 93C and 93D. 

[0071 ]On the other hand, 1 set of permanent magnets which are not illustrated surrounding 
one Y-axis linear guide 94A from the upper part and the side are provided in the pars basilaris 
ossis occipitalis of wafer stage WST1, The moving magnet type linear motor which drives 
wafer stage WST1 in the direction of Y by this permanent magnet and the Y-axis linear guide 
94A is constituted. The moving magnet type linear motor which similarly drives wafer stage 
WST2 in the direction of Y by 1 set of permanent magnets and the Y-axis linear guide 94B 
which are not illustrated [ which was provided in the pars basilaris ossis occipitalis of wafer 
stage WST2 is constituted. 

[0072]ln this example, with namely, the permanent magnet etc. which is not illustrated of the 
pars basilaris ossis occipitalis of the X-axis linear guides 95A and 95B mentioned above, the 
X-axis linear motors 93A-93D, the Y-axis linear guides 94A and 94B and wafer stage WST1 , 
and WST2 . The stage system which carries out the two-dimensional drive of wafer stage 
WST1 and WST2 on an XY plane independently is constituted. These wafer stage WST1 and 
WST2 are controlled by the stage control apparatus 38 via the stage driving system 81 W of 
drawing 5 . Operation of the stage control apparatus 38 is controlled by the main control unit 
90. 

[0073]lt is also possible to make wafer stage WST1 generate very small yawing by changing a 
little the balance of the thrust of the X-axis linear motors 93A and 93B of the couple provided in 
the both ends of the Y-axis linear guide 94A, or to remove. Similarly, by changing the balance 
of the thrust of the X-axis linear motors 93C and 93D of a couple a little, wafer stage WST2 
can be made to be able to generate very small yawing, or it can also remove. On these wafer 
stage WST1 and WST2, the wafer W1 and W2 are being fixed by vacuum absorption etc. via 
the unillustrated wafer holder, respectively. The minute drive of the wafer holder is carried out 
by unillustrated Z-theta drive mechanism in a Z direction and the direction (surrounding hand 
of cut of the Z-axis) of theta. 

[0074]The side of the direction of -X of wafer stage WST1 and the direction of Y is the 
reflectors 84X and 84Y (refer to drawing 6 ) where mirror finish was made, and the side of the 
direction of +X of wafer stage WST2 and the direction of Y is the reflectors 85X and 85Y 
where mirror finish was made similarly. These reflectors support the moving mirror and it is 
projected on the measuring beam 92X2 which consists of each laser interferometer which 
constitutes the interferometer systems later mentioned to these reflectors from a laser beam, 
92X5, 92Y1 - 92Y, By receiving the catoptric light with each laser interferometer, measure the 
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displacement from the base level (generally a reference mirror is arranged on the projection 
optical system side or the side of an alignment optical system, and let that be a base level) of 
each reflector, and by this, The two-dimensional position of wafer stage WST1 and WST2 is 
measured, respectively. The composition of interferometer systems is explained in full detail 
behind. 

[0075]comprising the lens element of two or more sheets which has a common optic axis of a 
Z direction as projection optical system PL1 in drawing 5 -- a both-sides call - centric 
predetermined reducing magnification, for example, the dioptric system which has 1 5, is used. 
Reflective refractive media and a reflection system may be used as projection optical system 
PL1. The alignment systems 88A and 88B of the off-axis (off-axis) method which had the same 
function in the both sides of the direction of X of this projection optical system PL1 mutually as 
shown in drawing 5 , It is installed in the position which separated only the repeat range from 
optic-axis AXof projection optical system PL1 1 (it is in agreement with the center of the 
projection image of a reticle pattern), respectively. The LSA (Laser StepAlignment) system for 
which these alignment systems 88A and 88B use a slit shape laser beam, The FIA (Field 
Image Alignment) system of an image processing method, For example, it has three kinds of 
alignment sensors of a LIA (Laser InterferometricAlignment) system which detects the 
diffracted light of two heterodyne beams, Position measurement of the direction of two 
dimensions of the reference mark on a reference mark board and the alignment mark on a 
wafer (the direction of X and the direction of Y) can be performed. In this example, these three 
kinds of alignment sensors are properly used according to the purpose suitably, What is called 
search alignment that detects the position of the one-dimensional mark of three points on a 
wafer, and performs outline position measurement of a wafer, fine alignment which performs 
exact position measurement of each shot region on a wafer, etc. are performed. 
[0076]ln this case, one alignment system 88A is used for position measurement etc. of the 
alignment mark on the wafer W1 held on the wafer stage WST1 . The alignment system 88B of 
another side is used for position measurement etc. of the alignment mark on the wafer W2 
held on the wafer stage WST2. The detecting signal from each alignment sensor which 
constitutes these alignment systems 88A and 88B, The alignment control device 80 is 
supplied, with the alignment control device 80, A D (analog to digital) conversion of the 
supplied detecting signal is carried out, data processing of the digitized waveform signal is 
carried out, and a mark position is detected. This detection result is sent to the main control 
unit 90, and the position correcting information at the time of exposure, etc. are outputted from 
the main control unit 90 to the stage control apparatus 38 according to that detection result. 
[0077]Although the graphic display abbreviation was carried out, The auto-focusing / auto 
leveling measuring structure (henceforth a AF AL system ) for detecting the defocusing 
amount from the best focus positions of the exposure surface of the wafer W1 (or W2) are 
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provided in projection optical system PL1 and each of the alignment systems 88A and 88B. 
Among this, the so-called multipoint AF system of the oblique incidence method is used as an 
AF/AL system of projection optical system PL1 . And the same AF AL system also as the 
alignment systems 88A and 88B is provided. That is, in this example, it has composition which 
can irradiate with a detection beam also by the AF/AL system used at the time of an alignment 
sequence to the almost same measuring region as the AF AL system used for detection of the 
defocusing amount at the time of exposure. For this reason, position measurement of an 
alignment mark can be performed with high precision with focusing precision comparable as 
the time of exposure also at the time of the alignment sequence which uses the alignment 
systems 88A and 88B. If it puts in another way, the offset (error) by the posture of a stage will 
not occur between the times of exposure and alignment. 

[0078]Next, reticle drive mechanism is explained with reference to drawing 5 and drawing 6 . 
This reticle drive mechanism is provided with the following. 

Reticle stage RST1 with an XY plane movable in the direction of two dimensions which holds 
the reticle R1 for the reticle base board 79 top. 

The reticle R2 is held along the same moving face, and it is reticle stage RST2 movable in 
the direction of two dimensions ]. 

The linear motor which is not illustrated [ which drives these reticle stage RST1 and RST2 . 
These reticle stage RST1 , the reticule interferometer system which manages the position of 
RST2. 

[0079]lf this is explained further in full detail, as shown in drawing 6 , these reticle stage RST1 
and RST2 will be installed in the scanning direction (the direction of Y) in series, Surfacing 
support is carried out on the reticle base board 79 via an unillustrated air bearing, and it is 
constituted so that minute rotation of the minute drive of the direction of X and the direction of 
theta and the scanning drive of the direction of Y may be made by the reticle stage drive 
mechanism 81 R (refer to drawing 5 ). Although the reticle stage drive mechanism 81 R makes 
the driving source the same linear motor as the stage device for wafers, after expedient 
drawing 5 explains, it is shown as a mere block from from. For this reason, the reticle R1 on 
reticle stage RST1 and RST2 and R2 are selectively used in the case of double exposure, and 
it has the wafer W1 , W2, and composition that can carry out a synchronous scan also about 
which reticle R1 and R2. 

[0080]On these reticle stage RST1 and RST2, The moving mirrors 82A and 82B which 
comprise the same raw materials (for example, ceramics etc.) as reticle stage RST1 and RST2 
are installed in the side of the direction of X in the direction of Y, respectively, Towards the 
reflector of the direction of +X of these moving mirrors 82A and 82B, a laser interferometer. (It 
is only hereafter called an "interferometer") The measuring beam 91X1 to 91X5 which consists 
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of 83X1 to 83X5 from a laser beam is irradiated, In the interferometer 83X1 to 83X5, the 
position of the direction of X of reticle stage RST1 and RST2 is measured by receiving the 
catoptric light and measuring the relative displacement over a predetermined base level. Here 
the measuring beam 91X3 from the interferometer 83X3, It has two measuring beams left in 
the direction of Y which can carry out displacement measurement independently actual, 
respectively, and the position and the amount of yawing (surrounding angle of rotation of the Z- 
axis) of the direction of X of reticle stage RST1 and RST2 can be measured from these two 
measurement values. 

[0081]ln this example, the interval of the direction of Y of the measuring beam 91X1 to 91X5 is 
set up shorter than the width of the direction of Y of the moving mirrors 82A and 82B, and 
which measuring beam 91X1 to 91X5 is always irradiated with it by the moving mirrors 82A 
and 82B by this. Two measuring beams (for example, 91X1, 91X2) which adjoin at a certain 
time come to be simultaneously irradiated by the same moving mirror (for example, 82B), and 
it can be considered that the interferometer 83X1 which corresponds this state, and 83X2 
overlap the measuring range selectively. By this, the measurement value of the interferometer 
83X1 to 83X4 can be delivered to the measurement value of the interferometer 83X2 to 83X5 
with high precision one by one like the after-mentioned. The measurement value of the 
interferometer 83X1 to 83X5 is supplied to the stage control apparatus 38 of drawing 5 , and 
based on these measurement values the stage control apparatus 38, In order to amend the 
synchronization error of wafer stage WST1 and WST2, the roll control of reticle stage RST1 
and RST2 and position control of the direction of X are performed via the reticle stage drive 
mechanism 81 R. 

[0082]On the other hand, in drawing 6 , the cube corner reflectors 89A and 89B as a moving 
mirror of a couple are installed in the end of the direction of -Y along the 1st scanning direction 
of reticle stage RST1 . And the measuring beam which consists of an interferometer (un- 
illustrating) of the double pass method of a couple from two laser beams to these cube corner 
reflectors 89A and 89B, respectively (in drawing 6 .) 91 Y1 represented with one measuring 
beam and 91 Y2 are irradiated, and the relative displacement of the direction of Y of reticle 
stage RST1 is measured to a predetermined base level by the interferometer of the couple 
which is not illustrated [ the ]. The cube corner reflectors 89C and 89D of a couple are installed 
also in the end of the 2nd direction of +Y of reticle stage RST2, The measuring beam 91 Y3 
and 91 Y4 (it consists of two laser beams actually, respectively) are irradiated to these cube 
corner reflectors 89C and 89D from the interferometer 83Y3 of the double pass method of a 
couple, and 83Y4, Displacement of the direction of Y of reticle stage RST2 is measured by the 
interferometer 83Y3 and 83Y4, respectively. 

[0083]The measurement value of the interferometer of these double pass methods is also 
supplied to the stage control apparatus 38 of drawing 5 , and the position of the direction of Y of 
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reticle stage RST1 and RST2 is controlled based on the measurement value. That is, the 
interferometer systems for reticle stages are constituted from this example by the 
interferometer 83X1 to 83X5 which has the measuring beam 91X1 to 91X5, and the measuring 
beam 91 Y1, 91 Y2 and the measuring beam 91 Y3 and the interferometer of two pairs of double 
pass methods which have 91 Y4. The interferometer 83X1 to 83X5 is expressed by drawing 5 
by the interferometer 83, and the moving mirrors 82A and 82B and the measuring beam 91X1 
to 91X5 are expressed by drawing 5 by the moving mirror 82 and the measuring beam 91X, 
respectively. 

[0084]Next, the interferometer systems which manage the position of wafer stage WST1 and 
WST2 are explained with reference to drawing 5 - drawing 7 . As shown in drawing 5 - drawing 
7, the center (optic-axis AX1) of the projection image of projection optical system PL1, In 
accordance with the axis parallel to the X-axis, the measuring beam 92X2 which consists of 
the interferometer 87X2 from the laser beam of three axes is irradiated by the reflector 84X of 
the side of the direction of -X of wafer stage WST1 through each detecting center of the 
alignment systems 88A and 88B. Similarly, the measuring beam 92X5 which consists of the 
interferometer 87X5 from the laser beam of three axes is irradiated by the reflector 85X of the 
side of the direction of +X of wafer stage WST2. In the interferometer 87X2 and 87X5, the 
relative displacement to the direction of X from the reference position of each reflector is 
measured by receiving those catoptric light. 

[0085]ln this case, as shown in drawing 6 , the measuring beam 92X2 and 92X5, Since it is a 
laser beam of three axes which can perform displacement measurement mutually- 
independent, respectively, the corresponding interferometer 87X2 and 87X5, Tilt angle 
(surrounding angle of rotation of Y-axis) measurement of each stage and measurement of a 
yawing angle (angle of rotation of the circumference of the Z-axis) can be carried out besides 
measuring the position of the direction of X of wafer stage WST1 and WST2, respectively. In 
this case, as shown in drawing 6 , Z and the leveling stages LS1 and LS2 for performing drive 
of the minute drive to the Z direction of the wafers W1 and W2 and an angle of inclination and 
surrounding rotation of the Z-axis, respectively are formed in the wafer stages WST1 and 
WST2 of this example, but. Z and the leveling stages LS1 and LS2 are in a portion lower than 
the reflectors 84X and 85X actually. Therefore, all the drive quantity in the case of the wafer 
W1, tilt angle control of W2, and yawing angle control can be monitored by these 
interferometers 87X2 and 87X5. 

[0086]The measuring beam 92X2 of the X-axis and 92X5 are always irradiated by the 
reflectors 84X and 85X of wafer stage WST1 and WST2 throughout the moving range of wafer 
stage WST1 and WST2. Therefore, in any at the time of the exposure which used projection 
optical system PL1 , or use of the alignment systems 88A and 88B, etc. case, about the 
direction of X, the position of the direction of X of wafer stage WST1 and WST2 is managed 
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based on the measuring beam 92X2 and the measurement value which used 92X5. 
[0087]As shown in drawing 6 and drawing 7 , the side of the direction of +Y of wafer stage 
WST1 and WST2 is processed on the reflectors 84Y and 85Y as a moving mirror, The 
measuring beam 92Y3 parallel to a Y-axis is irradiated by the reflectors 84Y and 85Y from the 
interferometer 87Y3 through optic-axis AXof projection optical system PL1 1 . The measuring 
beam 92Y1 parallel to a Y-axis, the interferometer 87Y1 which has 92Y5, respectively, and 
87Y5 are provided through each detecting center of the alignment systems 88A and 88B. In 
this example, for position measurement of the direction of Y of wafer stage WST1 at the time 
of the exposure using projection optical system PL1, and WST2. The measurement value of 
the interferometer 87Y3 with the measuring beam 92Y3 is used, and the interferometer 87Y1 
or the measurement value of 87Y5 is used for position measurement of the direction of Y of 
the alignment system 88A, wafer stage WST1 at the time of use of 88B, or WST2, 
respectively. 

[0088]Therefore, the measuring beam of the interferometer 87Y1 of a Y-axis, 87Y3, and 87Y5 
may separate from the reflectors 84Y and 85Y of wafer stage WST1 and WST2 according to 
each service condition. Therefore, in this example, the interferometer 87Y2 with the measuring 
beam 92Y2 parallel to a Y-axis is formed between the interferometer 87X1 and 87Y3, He is 
trying for the measuring beam from at least one interferometer to always be irradiated by the 
reflectors 84Y and 85Y of wafer stage WST1 and WST2 by forming the interferometer 87Y4 
with the measuring beam 92Y4 parallel to a Y-axis between the interferometer 87Y3 and 87Y5. 
For this reason, if width of the direction of X of the reflectors 84Y and 85Y as a moving mirror 
is set to DX1, interval DX2 of the measuring beam 92Y1, 92Y2, --, the direction of X of 92Y5 
will be set up more narrowly than width DX1. As a result, since the case where two adjoining 
measuring beams in the measuring beam 92Y1 to 92Y5 are simultaneously irradiated on the 
reflector 84Y and 85Y certainly arises (it has a measuring range which overlaps selectively), 
the measurement value is delivered to the 2nd interferometer from the 1st interferometer in 
that state like the after-mentioned. Also in the direction of Y, positioning is performed with high 
precision with high reproducibility by this wafer stage WST1 and WST2. 
[0089]The measuring beam 92Y1 for position measurement of the direction of Y, 92Y3, and 
92Y5, Since it consists of a biaxial laser beam which can separate to a Z direction, respectively 
and can perform position measurement independently, the corresponding interferometer 87Y1, 
87Y3, and 87Y5 can also perform measurement of the surrounding angle of inclination (tilt 
angle) of the X-axis besides the position of the direction of Y of the reflectors 84Y and 85Y for 
measurement, respectively. The interferometer systems which manage the two-dimensional 
coordinates position of wafer stage WST1 and WST2 are constituted from this example by a 
total of seven interferometers of the interferometer 87X2, 87X5, and 87Y1 to 87Y5. In this 
example, while one of wafer stage WST1 and WST2 is performing the exposure sequence, 
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another side performs wafer exchange and a wafer alignment sequence, so that it may 
mention later, but. In this case, based on the measurement value of each interferometer, the 
stage control apparatus 38 is performing the position and speed control of wafer stage WST1 
and WST2 so th.at there may be no mechanical interference of both stages. 
[0090]Next, the illumination system and control system of this example are explained based on 
drawing 5 . The exposing light which consists of a pulse laser beam ejected from the light 
source part 40 which consists of an excimer laser and dimming systems (dimming board etc.), 
such as KrF and ArF which are exposure light sources, or F in drawing 5 , After penetrating 

the shutter 42, it deviates by the mirror 44, is orthopedically operated by the suitable beam 
diameter with the beam expanders 46 and 48, and enters into the 1st fly eye lens 50. The 
exposing light ejected from this 1st fly eye lens 50 enters into the 2nd fly eye lens 58 via the 
lens 52, the vibration mirror 54, and the lens 56. The exposing light ejected from this 2nd fly 
eye lens 58, The fixed blind 62 installed in the reticle R1 (or R2) and a conjugate position is 
reached through the lens 60, After the sectional shape is specified to specified shape here, the 
movable blind 64 arranged at the position slightly defocused from the conjugate side with 
reticle is passed, The illuminated field IA (refer to drawing 6 ) of rectangle slit shape is 
illuminated as a light of uniform illuminance distribution through the relay lenses 66 and 68 the 
specified shape on the reticle R1 , and here. 

[0091]Next, the control system of this example comprises the exposure controller 70 and stage 
control apparatus 38 grade under jurisdiction of this main control unit 90 centering on the main 
control unit 90 which controls the whole device in control. For example, in exposing the pattern 
of the reticle R1 to the wafer W1, point to the exposure controller 70 to the shutter driving 
device 72, it makes the shutter drive part 74 drive, before a synchronous scan with the reticle 
R1 and the wafer W1 is started, and opens the shutter 42. 

[0092]Then, according to directions of the main control unit 90, a synchronous scan (scanning 
controls) with the reticle R1 , the wafer W1 , i.e., reticle stage RST1 , and wafer stage WST1 is 
started by the stage control apparatus 38. This synchronous scan monitoring the measurement 
value of the measuring beam 92Y3 of the interferometer systems for wafer stages mentioned 
above, 92X2 and the measuring beam 91 Y1 of the interferometer systems for reticle stages, 
91 Y2, and 91X3. It is carried out by controlling the stage driving system 81 W and the reticle 
stage drive mechanism 81 R by the stage control apparatus 38. 

[0093]And when the uniform drive of both stage RST1 and WST1 is carried out by making a 
projecting magnification ratio into a velocity ratio within a predetermined synchronization error, 
respectively, it points to the laser controller 76 and pulse radiation is made to start in the 
exposure controller 70. By this, the illuminated field IA (refer to drawing 6 ) of the rectangle of 
the reticle R1 is illuminated by exposing light, the image of the pattern in the illuminated field IA 
is reduced by projection optical system PL1 by 1 5 time, and projection exposure is carried out 
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on the wafer W1 in which photoresist was applied to the surface. Here, compared with the 
pattern space on the reticle R1, the width of the scanning direction of the illuminated field IA is 
narrow, it is carrying out the synchronous scan of the reticle R1 and the wafer W1, and the 
image of the whole surface of a pattern space is transferred one by one by the shot region on 
a wafer so that clearly also from drawing 6. It is pointing to the exposure controller 70 to the 
mirror driving device 78, and making the vibration mirror 54 drive in the case of this exposure, 
and the illumination unevenness by the interference fringe generated with the two fly eye 
lenses 50 and 58 is reduced. 

[0094]So that the exposing light which passed through the exterior (exterior of a protection- 
from-light belt) of the pattern space on the reticle R1 may not leak near the edge part of each 
shot region on the wafer W1 during scanning exposure, Synchronizing with the scan with the 
reticle R1 and the wafer W1, drive controlling of the movable blind 64 is carried out by the blind 
control device 39, and such synchronous operation of a series of is managed by the stage 
control apparatus 38. In the main control unit 90, when, amending the approach run starting 
position etc. of the reticle stage and wafer stage which perform a synchronous scan at the time 
of scanning exposure for example, the correction value of a stage position is directed to the 
stage control apparatus 38 which carries out the movement controls of each stage. 
[0095]Next, two or more interferometers with which the measuring range overlaps selectively, 
respectively are arranged as mentioned above reticle stage RST1 of this example, RST2 and 
wafer stage WST1, and WST2, and it is constituted so that the measurement value of an 
interferometer may win popularity one by one and may be passed. Below, the interferometer 
87Y3 of wafer stage WST2 of drawing 7 and two Y-axes and 87Y4 are taken for an example, 
and it explains with reference to drawing 7 - drawing 10 per delivery operation of the 
measurement value of an interferometer, i.e., preset operation of the measurement value of an 
interferometer. 

[0096]When wafer stage WST2 in the position of drawing 7 moves in the direction of -X, the 
measuring beam 92Y4 stops first, entering into the reflector 85Y as a moving mirror of wafer 
stage WST2 in the middle of this movement. When wafer stage WST2 moves in the direction 
of +X, the measuring beam 92Y3 stops on the contrary, entering into the reflector 85Y in the 
middle of this movement. Then, it is necessary to measure the Y coordinate of wafer stage 
WST2 in the state where a measurement value is delivered with high precision, it uses the 
interferometer 87Y4 and any of 87Y3 they are, and there is reproducibility between the 
interferometer 87Y4 and the interferometer 87Y3. For this reason, the following works are 
carried out in this example. 

[0097] Drawing 8 (a) is a top view showing wafer stage WST2 of drawing 7 , and in this drawing 
8_(a) displacement of the direction of X of wafer stage WST2, With the interferometer 87X5 of 
the X-axis, displacement of the direction of Y of wafer stage WST2 is measured by the two 
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interferometers 87Y3 and 87Y4 again. Interval DX2 of the interferometer 87Y3, the measuring 
beam 92Y3 of 87Y4, and the direction of X of 92Y4 is narrower than width DX1 of the direction 
of X of the reflector 85 Y of wafer stage WST2. 

[0098]Here, the interferometer 87Y4 of this example and 87Y3 are the laser interferometers of 
a heterodyne-interferometry method, respectively, and 2 frequency oscillation laser (for 
example, helium-Ne laser light source with a Zeeman effect type wavelength of 633 nm) which 
is not illustrated [ common as a light source of a measuring beam ] is used. From this 2 
frequency oscillation laser, a polarization direction intersects perpendicularly mutually, and the 
1st and 2nd light flux that has predetermined delta-frequency deltaf (for example, about 2 
MHz) is ejected by the same axle as a heterodyne beam, Reference signal SR of frequency 
deltaf is first generated in this heterodyne beam by carrying out photoelectric conversion of 1 
the interference light which branched about ten and was mixed with the analyzer, and this 
reference signal SR is supplied to the interferometer 87Y4 and each phase comparator 26 
(refer to drawing 9 ) in 87Y3. 

[0099]The 1st [ which was produced by branching about 1/10, respectively in the above- 
mentioned heterodyne beam ] and 2nd heterodyne beams are supplied to the interferometer 
87Y3 and 87Y4, The interferometer 87Y4 makes one side of 2 light flux light flux and the 
polarization direction of the 2nd heterodyne beam cross at right angles the measuring beam 
92Y4, and a reference beam is reflected with an unillustrated reference mirror by making 
another side into a reference beam (un-illustrating). And the interference light which mixed the 
reflected reference beam and the measuring beam 92Y4 reflected in the reflector 85Y with the 
analyzer by carrying out photoelectric conversion by frequency deltaf. And the measurement 
signal S2 from which a phase changes is generated, the phase comparator 26 of drawing 9 is 
supplied, and in the phase comparator 26, the phase contrast phi 2 of the above-mentioned 
reference signal SR and the measurement signal S2 is detected with predetermined resolution 
(for example, 2pi 100 (rad)), and is supplied to the integrator 27. 
[0100]under the present circumstances, when it is alike, the measuring beam 92Y3 and 
wavelength of 92Y4 are set to lambda and the reflector 85Y moves only lambda m (this 
example - like - a single pass method - m= 2 - on the other hand a double pass method -- 
m= 4) in the direction of Y using the one or more integers m, that phase contrast phi 2 does 2pi 
(rad) change of. The range of the phase contrast phi 2 is 0< phi2<2pi, and with the integrator 
27 of drawing 9 , when the phase contrast phi 2 crosses 2 pi in the direction of +, 1 is added to 
the predetermined integer (it is equivalent to order of interference) N2, and when the phase 
contrast phi 2 crosses 0 in the direction of -, 1 is subtracted from the integer N2. And the 
integrator 27 sends during measurement the measurement value P2 which multiplied 
{N1 phi2 (2 pi)} by lambda m to the stage control apparatus 38 as an absolute position of the 
direction of Y of wafer stage WST2. 
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[0101]Similarly, also in the interferometer 87Y3, the integer N1 fluctuated whenever the phase 
contrast phi 1 of the measurement signal S1 obtained from the measuring beam 92Y3 and the 
above-mentioned reference signal SR and this phase contrast phi 1 cross 2 pi or 0, and the 
measurement value P1 computed from lambda m are sent to the stage control apparatus 38. 
That is, the interferometer 87Y3 and 87Y4 are measuring the position of the direction of Y of 
wafer stage WST2 as an absolute position within the width of lambda m, respectively. 
[0102]And since the interferometer 87X5 of the X-axis of this example is provided with two 
laser beams left in the direction of Y as shown in drawing 6 , it can measure the angle of 
rotation thetaW2 of wafer stage WST2 from the difference of the measurement value of the X 
coordinate of the reflector 85X by these two laser beams. By then, the initial state which 
made wafer stage WST2 stand it still so that the angle of rotation thetaW2 may be beforehand 
set to 0 in the state of drawing 8 (a). The interferometer 87Y4, the integer N2 in 87Y3, and N1 
are reset to 0, and the phase contrast phi 2 measured, the measurement value (initial value) 
P20 produced by multiplying phi 1 by {1-/(2 pi)} (lambda m), and P10 are incorporated into the 
stage control apparatus 38. 

[0103]And in the stage control apparatus 38, offset of the interferometer 87Y4 and the 
measurement value of 87Y3, respectively as -P20 and -P10, The interferometer 87Y4, the 
measurement value P2 supplied from 87Y3, and the value which added that offset (-P20, - 
P10) to P1 are made into the interferometer 87Y4, actual measurement value P2' of 87Y3, and 
PY after this. That is, this measurement value P2' and P1' will express correctly the amount of 
displacement to the direction of Y of wafer stage WST2 from the above-mentioned initial state. 
The initial value (P20, P10) of the measurement value is memorized. 
[0104]Now, in drawing 8 (a), wafer stage WST2 moves in the direction of -X further, and it 
presupposes that the position shown in drawing 8 (b) was reached. In drawing 8 (b), the 
measuring beam 92Y4 of the interferometer 87Y4 has separated from the reflector 85Y as a 
moving mirror. In this state, the Y coordinate of wafer stage WST2 shall be measured by the 
interferometer 87Y3. When wafer stage WST2 begins movement in the direction of X toward 
the position again shown in drawing 8 (a) from this state and the reflector 85Y enters in the 
irradiation area (time base range) of the measuring beam 92Y4 of the interferometer 87Y4, the 
measurement value of the interferometer 87Y4 is set up as follows (preset). 
[0105]First, the angle of rotation thetaW2 (it is a fine amount (rad) near about 0) of wafer stage 
WST2 is measured by the measuring beam 92X5 (two laser beams) of the interferometer 87X5 
of the X-axis. In this state, the measurement value P1 of the Y coordinate by the interferometer 
87Y3 using the measuring beam 92Y3 is calculated in drawing 8 (a). However, this 
measurement value P1 is a direct measurement value before performing offset correction. 
And, for example in the stage control apparatus 38, the order of interference N2 (N2 is an 
integer) of the interferometer 87Y4 and a point estimate with fraction epsilon2 (2 pi) are 
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calculated from the measurement value P1. This fraction epsilon 2 is a value corresponding to 
above phi 2. 

[0106]Namely, the operation part in the stage control apparatus 38 from the difference (= P20- 
P10) of the initial value of the measurement value thetaW2 of the angle of rotation of the 
measuring beam 92Y3, interval DX2 of 92Y4, and wafer stage WST2, the measurement value 
P1 of the interferometer 87Y3, and the interferometer 87Y4 and the measurement value of 
87Y3. Point estimate P2' of the measurement value P2 before the offset correction of the 
interferometer 87Y4 is computed as follows. 
P2' P1 DX2andthetaW2 (P20-P10) 

[0107]For example, when the measurement accuracy of the measurement value thetaW2 of an 
angle of rotation is high, this point estimate P2' may be preset as it is as a value of the present 
measurement value P2 of the interferometer 87Y4. However, since the measurement error of a 
certain grade may be included in the measurement value thetaW2, as for the interferometer 
87Y4, the operation part decomposes the designated value P2' into a part for a part for an 
integer, and a fraction using an absolute position being measurable per width lambda/m. 
Therefore, lambda/m twice [ N2 ] the remaining values of length will be fraction epsilon2 (2 pi) 
in point estimate P2 f of the measurement value of the interferometer 87Y4. That is, the stage 
control apparatus 38 computes the integer N2 and the fraction epsilon 2 as follows 
(presumption). 
[0108] 

N2=g {P2' (lambda m)}(1) 

epsilon2= {P2 1 (lambda m)-N2} (2 pi) (2) 

Here, g {X} is a function which gives the maximum integer that does not exceed X. In the stage 
control apparatus 38, the point estimate (N2, epsilon 2) of the order of interference obtained 
from the measurement value P1 and a fraction and the preset value of the integer (degree) N2 
of the phase contrast (absolute phase) phi 2 actually measured with the interferometer 87Y4 to 
the interferometer 87Y4 are determined so that it may explain in full detail behind. 
[0109]As drawing 9 shows some stage control apparatus 38 of this example, and some 
interferometers 87Y4 and shows them to drawing 9 , the interferometer 87Y4, For example, it 
has the phase comparator 26 into which reference signal SR outputted from the laser light 
source and the measurement signal S2 (photoelectric conversion signal of the interference 
light of a measuring beam and a reference beam) are inputted. Detect the phase contrast phi 2 
of reference signal SR and the measurement signal S2, and the detected phase contrast phi 2 
is outputted to the integrator 27, and the phase comparator 26 is outputted also to the 
computer processing facility 28 in the stage control apparatus 38. Other interferometers are 
provided with the phase comparator 26 and the integrator 27, respectively. 
[0110]At the time of measurement, as mentioned above, the integrator 27 integrates the 
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integer N2 from change of the phase contrast phi 2, and is outputting the measurement value 
P2 produced by multiplying {N2 phi2 (2 pi)} by (lambda m) to the stage control apparatus 38 
as information which shows the movement magnitude of a moving mirror (this example 
reflector 85Y). However, when delivering a measurement value like now, the computer 
processing facility 28 compares the phase contrast phi 2 inputted from the phase comparator 

26, and the point estimate epsilon 2 of the fraction inputted from the above-mentioned 
operation part. Since the integer N2 which shows the presumed order of interference may 
have shifted in 1 when the point estimate epsilon 2 of the presumed phase contrast is close 
to 0 (zero) or 2 pi, this comparison is performed for that verification to accumulate. Operation 
of this comparison is explained referring to drawing 10 . For convenience, the point estimate of 
N2 is made into the degree N in drawing 10 . 

f0111] Drawing 10 (a) In - (c), a horizontal axis expresses the phase contrast of a reference 
signal and a measurement signal, and is illustrating the phase contrast of the range of order- 
of-interference k N-1, k N, and k N 1 especially. 2pi change of phase contrast is done within 
one degree. Drawing 10 (a) shows the case where the absolute value of a difference with the 
point estimate epsilon 2 of the actual phase contrast phi 2 and phase contrast is smaller than 
pi (|phi2-epsilon2|<pi). In this case, since the actual phase contrast phi 2 is in the degree N as 
a graphic display, order of interference is N as a point estimate, and is taken as preset value 
N' N of a degree. Drawing 1 0 (b) shows the case where the value which subtracted the point 
estimate epsilon 2 of the phase from the actual phase contrast phi 2 is larger than pi (phi2- 
epsilon2>pi). In this case, since the actual phase contrast phi 2 is in the degree N-1 as a 
graphic display, preset value N' is set to N' N-1. Drawing 10 (c) shows the case where the 
value which subtracted the point estimate epsilon 2 of the phase from the actual phase 
contrast phi 2 is smaller than -pi (phi2-epsilon2<-pi). In this case, since the actual phase 
contrast phi 2 is in the degree N+1 as a graphic display, it is referred to as N' N 1 . 
[01 12]ln the computer processing facility 28, preset value N' for which it asked as mentioned 
above is outputted as the preset value RE to the integrator 27 of drawing 9 . In the integrator 

27, the preset value RE (namely, N') is set up as a preset value of the integer N2, the 
measurement value P2 of a Y coordinate is computed as follows from the phase contrast phi 2 
from the phase comparator 26, and integer N', the stage control apparatus 38 is supplied, and 
the rest performs the usual measuring operation. 

P2 (lambda m) -N' (lambda m) (3) (phi2 2pi) 

It means returning to the original value substantially, and means that the measurement value 
of the interferometer 87Y3 receives in the interferometer 87Y4 correctly, and the measurement 
value P2 of the interferometer 87Y4 had been passed by this. 

[0113]When the catoptric light from a mirror plane sets a preset value as the 1st interferometer 
that came to be obtained again by this example as mentioned above, The measured value 
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computed from the measured value of other 2nd interferometer is used as a point estimate for 
determining the order of interference (N1 or N2) of the 1st interferometer, He is trying to 
determine the preset value of the preset value of the order of interference (N1 or N2) of the 1st 
interferometer, and by extension, the measurement value of an interferometer based on the 
presumed order of interference and the phase contrast (absolute phase) phi measured with the 
1st interferometer. In this case, since the measurement beam has once separated from the 
mirror plane, the order of interference N2 or N1 is unknown, but since order of interference is 
calculated by calculation from the measured value of other interferometers, the preset value of 
that interferometer can be set up in accuracy peculiar to that interferometer. 
[0114]The time of device rises, and when a measurement error needs to mix in all the 
measured value by a certain cause and the measurement value of all the interferometers 
needs to be reset, Degree N2 0 is sent to the computer processing facility 28, and it is 
necessary to make it set the output (preset value) RE ( 0) of the computer processing facility 
28 as the integrator 27 similarly in drawing 9 . In this case, only the value corresponding to the 
phase contrast (absolute phase) phi 2 will be set as the integrator 27 (interferometer 87Y4) 
despite a join office. The initial value of the interferometer 87Y3 turns into a value 
corresponding to the phase contrast phi 1 similarly. 

[01 15]lt may carry out as feed if needed to the computer processing facility 18 the output 
P2 of the integrator 27 . In this case, even the amount of displacement of a wafer stage after 
resetting [ integrator / 27 ], until a reset value is set as the integrator 27 from the computer 
processing facility 28 can be included, and it can be set as the integrator 27 as a preset value. 
In this case, it can take into consideration and depend from the time whose light-receiving of 
the catoptric light from a wafer stage was attained to the amount of displacement of a wafer 
stage until preset value RE2 is set as the integrator 27, and a precise initial value can be set 
up now. 

[01 16]ln this example, when wafer stage WST2 moves, any or one measuring beam needs to 
be irradiated by the side 85Y of wafer stage WST2 among the measuring beams from the 
interferometer 87Y3 to 87Y5. Therefore, in this example, the interval (for example, the 
measuring beam 92Y3, interval DX2 of 92Y4 which are shown in drawing 8 ) between each 
measuring beam arranges the interferometer so that it may become shorter than width DX1 of 
the direction of X of wafer stage WST2. 

[0117]Also in the interferometer 83X1 to 83X5 for performing position measurement of reticle 
stage RST1 of drawing 6 , and RST2, initial value (preset value) setting out of an interferometer 
is performed similarly, and delivery of a measurement value is performed based on this. Next, 
in the projection aligner of this example, the 1st and 2nd carrier systems for which a wafer is 
exchanged among the wafer stages WST1 and WST2, respectively are formed. 
[0118]As are shown in drawing 1 1 , and the 1st carrier system is later mentioned between 
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wafer stage WST1 in a left-hand side wafer loading position, it performs wafer exchange. The 
1st loading guide 96A to which this 1st carrier system extends in Y shaft orientations, The 1st 
and 2nd sliders 97A and 97C that move along with this loading guide 96A, The 1st wafer 
loader constituted including the unloading arm 98A attached to the 1st slider 97A, the load arm 
98C attached to the 2nd slider 97C, etc., It comprises the 1st center rise 99 that comprises 
three vertically moving members provided on the wafer stage WST1. 

[0119]Operation of the wafer exchange by this 1st carrier system is explained briefly. Here, as 
shown in drawing 11 , the case where it is exchanged in wafer W1' on the wafer stage WST1 in 
a left-hand side wafer loading position and the wafer W1 conveyed by the 1st wafer loader is 
explained. First, in the main control unit 90, vacuum absorption of the wafer holder which is not 
illustrated on the wafer stage WST1 is turned OFF, and adsorption of wafer W1' is canceled. 
Next, in the main control unit 90, the specified quantity rise of the center rise 99 is carried out 
via an unillustrated center rise drive system. Thereby, wafer W1' is raised to a prescribed 
position. In this state, the unloading arm 98A is moved just under wafer W1' via unillustrated 
wafer loader control equipment in the main control unit 90. After carrying out the downward 
drive of the center rise 99 to a prescribed position and delivering wafer W1' to the unloading 
arm 98A in the main control unit 90 in this state, the vacuum absorption of the unloading arm 
98A is made to start. Next, in the main control unit 90, evacuation of the unloading arm 98A 
and the move start of the load arm 98C are directed to wafer loader control equipment. When 
the load arm 98C which the unloading arm 98A started movement in the direction of -Y of 
drawing 11 , and held the wafer W1 by this comes above wafer stage WST1 , The vacuum 
absorption of the load arm 98C is canceled by wafer loader control equipment, and the wafer 
W1 is received and passed on the wafer stage WST1 by carrying out elevation driving of the 
center rise 99 continuously. 

[0120]The 2nd carrier system that delivers a wafer between wafer stage WST2, As shown in 
drawing 12 , symmetrically with the 1st carrier system The 2nd loading guide 96B, It is 
constituted including the unloading arm 98B attached to the sliders 97B and 97D which move 
along with this 2nd loading guide 96B, and the 3rd slider 97B, the load arm 98D attached to 
the 4th slider 97D, etc. Wafer W2* exposed next is held at the load arm 98D. 
[0121]Next, parallel processing by two wafer stage WST1 of the projection aligner of this 
example and WST2 is explained with reference to drawing 1 1 and drawing 12 . While exposing 
via projection optical system PL1 to the wafer W2 on the wafer stage WST2, the top view in 
the state where exchange of a wafer is performed between wafer stage WST1 and the 1st 
carrier system as mentioned above in the left-hand side loading position is shown in drawing 
1_. In this case, on the wafer stage WST1, as it mentions later succeedingly to wafer 
exchange, alignment operation is performed. In drawing 11 , the position control of wafer stage 
WST2 under exposure operation, Position control of wafer stage WST1 to which it is carried 
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out based on the measuring beam 92X5 of interferometer systems and the measurement 
value of 92Y3, and wafer exchange and alignment operation are performed is performed 
based on the measuring beam 92X2 of interferometer systems, and the measurement value of 
92Y1. For this reason, in the main control unit 90 of drawing 5 , before pointing to the stage 
control apparatus 38 and carrying out wafer exchange and alignment operation, initial value 
setting (preset) of the measurement value of the interferometer mentioned later is carried out. 
[01 22]lt continues at wafer exchange and the initial value setting of an interferometer, and 
search alignment is performed. Only in PURIARAIMENTO made during conveyance of the 
wafer W1, since the position error is large, the search alignment performed after wafer 
exchange is PURIARAIMENTO again performed on the wafer stage WST1. The position of 
three search alignment marks (un-illustrating) specifically formed on the wafer W1 laid on the 
stage WST1 is measured using the sensor of a LSA system of the alignment system 88A of 
drawing 5 , etc., Based on the measuring result, alignment of the direction of X of the wafer W1 , 
the direction of Y, and the direction of theta is performed. Operation of each part in the case of 
this search alignment is controlled by the main control unit 90. 

[0123]Fine alignment which searches for the arrangement of each shot region on the wafer W1 
by an EGA (enhanced global alignment) method here is performed after the end of this search 
alignment. Specifically with interferometer systems (the measuring beam 92X2, 92Y1). Moving 
wafer stage WST1 one by one based on design shot arrangement data (alignment mark 
position data) managing the position of wafer stage WST1 . The alignment mark position of the 
predetermined shot region (sample shots) on the wafer W1 is measured by the sensor of the 
FIA system of the alignment system 88A of drawing 5 , etc., Based on the design coordinate 
data of this measuring result and shot arrangement, all the shot arrangement data is computed 
by the statistical operation by a least square method. Operation of each part in the case of the 
fine alignment of this EGA method is controlled by the main control unit 90 of drawing 5 , and 
the above-mentioned operation is performed by the main control unit 90. 
[0124]And while wafer exchange and alignment operation are performed, by the wafer stage 
WST2 side, the reticle R1 of two sheets and R2 are used, and double exposure is continuously 
performed by the step and scanning method at the wafer stage WST1 side, changing an 
exposing condition. Fine alignment by an EGA method is specifically beforehand performed 
like the wafer W1 side mentioned above, After moving the shot region on the wafer W2 to the 
optic-axis lower part of projection optical system PL1 one by one based on the shot 
arrangement data on the wafer W2 obtained as a result, Scanning exposure is performed by 
making a scanning direction carry out the synchronous scan of reticle stage RST1 (or RST2) 
and wafer stage WST2 of drawing 6 at every exposure of each shot region. The exposure to all 
the shot regions on such a wafer W2 continues also after reticle replacement, and is 
performed. Scanning exposure is performed after carrying out specified quantity movement of 
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reticle stage RST1 and RST2 in the direction of +Y after performing sequential-scanning 
exposure to each shot region of the wafer W2 as an exposure order of concrete double 
exposure using the reticle R2, and setting the reticle R1 as an approach run starting position. 
Since the reticle R2 differs in an exposing condition or transmissivity (lighting conditions, such 
as zona-orbicularis lighting and deformation illumination, a light exposure, etc.) from the reticle 
R1 at this time, it is necessary to change a monograph affair based on exposure data etc. 
beforehand. Operation of each part under double exposure of this wafer W2 is also controlled 
by the main control unit 90. 

[0125]The exposure sequence and wafer exchange alignment sequence which are performed 
in parallel on two wafer stage WST1 shown in drawing 11 mentioned above, and WST2, The 
direction of the wafer stage ended previously will be in a waiting state, and when both 
operations are completed, the movement controls of wafer stage WST1 and WST2 are carried 
out to the position shown in drawing 12 . And as for the wafer W1 on the wafer stage WST1 
where wafer exchange was made at in the right-hand side loading position, and the 
alignment sequence ended the wafer W2 on the wafer stage WST2 which the exposure 
sequence ended, an exposure sequence is performed under projection optical system PL1. In 
the right-hand side loading position shown in drawing 12 , above-mentioned wafer changing 
operation and alignment sequence will be performed like a left-hand side loading position. 
[0126]By this example, as mentioned above, moving two wafer stage WST1 and WST2 in the 
direction of two dimensions independently. Improvement in a throughput is aimed at by 
performing an exposure sequence and wafer exchange alignment sequence in parallel to the 
wafer W1 on each wafer stage, and W2. However, when carrying out concurrent processing of 
two operations using two wafer stages, the operation performed on one wafer stage may affect 
the operation performed in the wafer stage of another side as a disturbance factor. The 
operation which does not affect the operation performed in the wafer stage of another side also 
has conversely the operation performed on one wafer stage. So, in this example, it divides into 
the operation which serves as a disturbance factor among the operations which carry out 
parallel processing, and the operation not becoming, and timing adjustment of each operation 
is planned so that operations used as a disturbance factor or operations used as a disturbance 
factor may be performed simultaneously. 

[0127JFor example, since the synchronous scan of the wafer W1 , and the reticle R1 and R2 is 
carried out at uniform velocity during scanning exposure, it does not serve as a disturbance 
factor, and also it needs to eliminate the disturbance factor of the from else as much as 
possible. For this reason, during the scanning exposure on one wafer stage WST1, timing 
adjustment is made so that it may be in a state of rest in the alignment sequence performed 
with the wafer W2 on the wafer stage WST2 of another side. Namely, since measurement in 
an alignment sequence is performed in the state where wafer stage WST2 was made to stand 
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it still, for scanning exposure, it does not serve as a disturbance factor but can perform be 
it / under / scanning exposure parallel mark measurement. On the other hand, also in an 
alignment sequence, since it is uniform motion during scanning exposure, it does not serve as 
disturbance but can perform high precision measurement. 

[0128]The thing same at the time of wafer exchange can be considered. Since especially the 
vibration produced when delivering a wafer to a center rise from a load arm can serve as a 
disturbance factor, it may be made to deliver a wafer according to the time of acceleration and 
deceleration before and after [ before scanning exposure coming to perform a synchronous 
scan at uniform velocity (it becomes a disturbance factor). Such timing adjustments are 
performed by the main control unit 90. 

[0129]ln this example, since double exposure is performed using the reticle of two or more 
sheets, the improved effect of high resolution and DOF (depth of focus) is acquired. However, 
in order that this double exposure method may repeat an exposure process twice at least , in 
using a single wafer stage, exposure time becomes long and a throughput falls substantially. 
However, a throughput can improve substantially by using the projection aligner provided with 
two sets of the wafer stages of this example, and high resolution and the improved effect of 
depth-of-focus DOF are acquired. 

[0130]Also when the scope of this invention is not limited to this and exposed by the single 
exposing method, this invention can be applied suitably. By using two sets of wafer stages, an 
almost double high throughput can be obtained compared with the case where the single 
exposing method is enforced using one wafer stage. It may be made to provide further the 
stage for measurement for measuring the state or imaging characteristic of exposing light like 
a 1st embodiment in this 2nd embodiment. Although the wafer stage is driven with the 
combination of a one-dimensional motor, it may be made to drive in two dimensions with a 
planar motor like a 1st embodiment in this example. 

[0131]While the projection aligner of this embodiment assembles the reticle stage RST (RST1, 
RST2) and the wafer stage WST (WST1, WST2) which consist of many machine parts, It can 
manufacture by performing optical adjustment of projection optical system PL (PL1) which 
comprises two or more lenses, and carrying out comprehensive adjustments (electric 
adjustment, operation confirming, etc.) further. As for manufacture of a projection aligner, it is 
desirable to carry out in the clean room where temperature, an air cleanliness class, etc. were 
managed. 

[0132]Although this invention was applied to the projection aligner of the step and scanning 
method in the above-mentioned embodiment, This invention is not restricted to this but A 
projection aligner of a step-and-repeat method, an exposure device of a proximity method, Or 
even if it is a charged particle beam aligner which uses as a light source (energy line) the 
exposure device which makes EUV light, such as X-rays, an exposure beam, and an electron 
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beam (energy line), it is applicable similarly. It may use for the test equipment which uses the 
stage for positioning not only an exposure device but a wafer etc., or a repairing device. 
[0133]Of course, various composition can be taken in the range which this invention is not 
limited to an above-mentioned embodiment, and does not deviate from the gist of this 
invention. 
[0134] 

[Effect of the Invention According to the 1st stage device of this invention, by providing a 
movable stage, respectively for two or more function groups of every every individual function 
or predetermined, each movable stage can be made to be able to miniaturize and it can drive 
at high speed and with high precision. Two or more movable stages can be moved in the 
respectively larger range than the measuring range of the 1st system of measurement, and 
further, when each movable stage enters in the measuring range of the 1st system of 
measurement, the position of the movable stage can be measured with high precision with 
high reproducibility according to the 1st system of measurement. 
[0135]Next, according to the 2nd stage device of this invention, it is a respectively wide 
measuring range, and the position of two or more of the movable stages can be measured with 
high precision with high reproducibility. Since the position of the movable stage is measurable 
with high precision according to the 1st system of measurement only by doubling the 
measuring result of the 1st system of measurement with the measuring result of the 2nd 
system of measurement, improvement in a throughput can be aimed at. 
[0136]Next, according to the 1st exposure device of this invention, since it has the stage 
device of this invention, when measuring the position of the movable stage, for example with 
an interferometer, a moving mirror can be made smaller than the moving range of the movable 
stage, and weight of the movable stage can be made small. Therefore, it can become easy to 
move the movable stage at high speed, it can expose using a double exposure method etc. by 
a high throughput, and improvement in resolution and the depth of focus can be aimed at. 
[0137]Next, since the size of the 1st movable stage is made to necessary minimum by giving 
only the minimum function required for exposure to the 1st movable stage used for original 
exposure according to the 2nd exposure device of this invention, the miniaturization of a stage 
and a weight saving are performed and improvement in a throughput is aimed at - things can 
be carried out. On the other hand, there is no necessity in exposure directly, and since the 
characteristic measuring device for measuring the characteristic at the time of transferring the 
pattern of the mask is carried in 2nd another movable stage, it can also measure the 
characteristic at the time of transferring the pattern of the mask. Since it has the stage device 
of this invention, the position of two or more of the movable stages is measurable with high 
precision. 

[0138]Next, according to the 3rd exposure device of this invention, performing exposure 
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operation in one movable stage of two or more of the movable stages, for example, the 
carrying in/out and alignment operation of a substrate can be performed, and improvement in a 
throughput can be aimed at in another movable stage. Next, according to the 4th exposure 
device of this invention, by giving only the minimum function required for exposure to the 1st 
movable stage used for original exposure, the miniaturization of the 1st movable stage and a 
weight saving can be performed, and improvement in a throughput can be aimed at. On the 
other hand, there is no necessity in exposure directly, and since the characteristic measuring 
device for measuring the imaging characteristic of the projection optical system is carried in 
2nd another movable stage, it can also measure an imaging characteristic. 
[0139]Next, according to the 1st positioning method of this invention, promptly, the position of 
two or more of the movable stages can be measured with high precision, and can be 
positioned. Similarly, according to the 2nd positioning method of this invention, promptly, the 
position of two or more of the movable stages can be measured with high precision, and can 
be positioned. 



[Translation done.] 
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* NOTICES 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings 

[Drawing 1 It is an outline lineblock diagram of the projection aligner of a 1st embodiment of 
this invention. 

[Drawing 2 It is a top view showing the wafer stage WST and the stage 14 for measurement of 
drawing 1 . 

[Drawing 3 It is a top view showing the reticle stage RST and the stage 5 for measurement of 
drawing 1 . 

[Drawing 4 In a 1st embodiment, it is a top view with which the explanation in the case of 
measuring the state of exposing light, etc. using the stage 14 for measurement is presented. 
[Drawing 5 It is an outline lineblock diagram of the projection aligner of a 2nd embodiment of 
this invention. 

[Drawing 6 It is a perspective view showing physical relationship with the alignment systems 
88A and 88B with two wafer stage WST1 of the embodiment of drawing 5 , WST2, two reticle 
stage RST1 and RST2, and projection optical system PL1. 

[Drawing 7 It is a top view showing the composition of the drive mechanism of the wafer stage 
of drawing 5 . 

[Drawing 8 It is a figure for explaining measurement value setting out of the interferometer 
carried out in a 2nd embodiment of this invention. 

[Drawing 9 It is a figure showing the outline composition of a part of signal-processing system 
used for the interferometer systems of a 2nd embodiment of this invention. 
[Drawing 10 It is a figure showing an example of signal processing in the interferometer 
systems of a 2nd embodiment of this invention. 

[Drawing 1 1 It is a top view showing the state where wafer exchange alignment sequence 
and the exposure sequence are performed using two wafer stage WST1 and WST2. 
[Drawing 12 It is a figure showing the state where it switched with wafer exchange alignment 
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sequence of drawing 1 1 , and the exposure sequence. 
[Description of Notations 

MA, MB, MC1 , MC2, MD1 , MD2 -- A reference mark, R, R1 , R2 - Reticle, RA, RB - A reticle 
alignment microscope, RST, RST1, RST2 -- Reticle stage, W, W1, W2 - A wafer, WST, 
WST1 , WST2 - Wafer stage, 5 - The stage for measurement, 7X1 , 7X2, 7Y and 8Y, 15X1 , 
15X2, 15Y - Laser interferometer, 10 [ - The stage for measurement, ] - A main control 
system, 11 - An imaging characteristic arithmetic system, 13 - A surface plate, 14 16 [ - A 
computer processing facility, 38 / - A stage control apparatus, 83X1 to 83X5, 83Y1 to 83Y4, 
87X2 87X5, 87Y1 to 87Y5 -- An interferometer, 88A, 88B -- An alignment system, 90 / - 
Main control unit ] -- A wafer alignment sensor, 26 -- A phase comparator, 27 - An integrator, 
28 



[Translation done.] 
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DRAWINGS 

[Drawing 1 




[Drawing 2 




[Drawing 3 
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[Drawing 5 
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[ Drawing 7 
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[Drawing 8 




WST2 



[Drawing 9 



mA 




[Drawing 1 1 




92Y2 

W2 

PL1 




92Y4 



92Y5 



85X 



r 

92X5 



WST1 WST2 
98A Y 



— m ^tV 



98C W1 



http://www4.ipdlinpit.go jp/cgi-bin/tranjvveb_cgi^^ 4/30/2009 



JP,2000- 164504, A [DRAWINGS] 



Page 6 of 6 



[Drawing 12 
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©ffiBfcffiSottaieHrt-eftai-fsg 1 i»J£& (i 5 

XI, 15X2, 15Y) fc*B*.fcXr-5?8fi'e* 

30 or, *©«a©^ftXT-$>©wenii:aLT* c 

©WfjXT--y*©^©ftiJfeglrt©m£©S¥&Bfri3 

t5»29J^(16, 17 A, 1 7 B) *B*, *© 
^^^©fWJSSIlKg^T^©!! 1 «£&©«■« 

[0 0 2 0] »f6^*|8W©S 1 <DXr- 5>afiC<fcft 

-^*fflt)aTTa»©Biftxr-s; mm) zm 

#fc«B©Rj»Xr-5>*t8ttT, *©»l»jeRfcL 

Tfflw^ffiiJ^^> b *«-*© u-yrnatftRttft 

T»tt©H-M»f-^!Wi«n*fc4{>E» H$fr©/SijS« 

BB^2:LT^©B2BJ3R (l 6, 17 A, 17 
B) tRttfc. 

[0 0 2 1 ] t LT^ ^©aftCBIBXr-^Crt©- 
50 0©pJ®)Xr-i/* (WST) *©SB 1 B^©ttW 



(5) 

7 

b&s (.mmmzm £<fcD?©njftXT--;w© 
u «9*.tf cottB-f ni**©» 1 mfemummc 

7'J-fcy htiztHs l ajejROtHWW*© 

5 left*. Xtt» *®£2M£Stf3SB (W*tf 2o 

6 *©£^affi£©l^/wa±fcftofc*&£, * 
©3? 1 !»J££©ftf»Jfii£ V -fe y h t S L < ttffijg 10 
Bfc^U-feyMtUtt:^. CftfcJoT, &BjftXr 

[0 0 2 2] *$$HICJ:3SS2©;*T--S?8fi 

snfca»ORr«^f—s; (wsti. wst2) 
i^ms©^ i ©ttiJSBHrtT'ttaiJtsm i m&k (8 

7Y3) fc*B*fc*f— SWPfcoT, *©«»© 
BlftXT-SWft^ftKWLT, ^©^©fffiJSBB 20 

fcs^wtfiifitss 2 ©stw«Birt-cffiB£i«W£ 

ttfl?«£2Mg* (8 7Y2, 87Y4) *©» 
1 2 WS^Offl-ailSSlCS^V^T C © 2 0©B£ 
SORHMISjR^MjE-rSMfffi (3 8) fc, SWtfefc 
©T*&S 0 

[0 0 2 3] »f^5*5IW©a2©Xr-^»«C«fcti 

(WST1, WST2) *W5tl*. £© 
IB l LT> 0V*tf41ttKffiM£S£ LT© l Hi 

©U-lfTJMttSttffl-r*!:, *W»X?-S>***< 30 

^©u-f t ¥^tt©ttitr-A^e) 
wjeutuTom (xttaaini) ©u— v^mz® 

fflt§ 0 ^LT> *©£$©BJftXr-^©rt©-0© 

RlftXT-^ W*tf*OS 1 ©ttBBBBfrfc*© 

^ 2 CD tf-s'j® h tc a ^> ^tc « , ?<Dg i w&k&xm 

U *©» 1 W£fc©tt»«**©^ft*r--$>©la]lE 40 
AKJS CTffilE LfcB** ©31 2 ffl£$©gtB£k: 7'J 
•by hTSCtKJ^T, *©S 1 »£S©W£ffltf * 

»«BfcffiB»«>-Ct*. 

[0 0 2 4 ] c ©*£, *©3S 1 M£X, RtfH 2 9J£ 
£tt*ftWF*©#» (BR) N 1. N2, tftffl (r 
ad) 0 1. 0 2 (Ctitt^ra^y^^rS-ettWI 

tt»Jtf-AOSSA©M^f (A) ttm^T. f (A) 50 



2000-164504 
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{N 1+0 1/ (2k) } Rtf f (A) {N2 + 02/ 
(2«) ) ©»*^»XT-i>©^B*tHtr*«fc$fc 
LTti^. -?"LTs ; e©^2iJ^©ti-SiJ^nlB6t^ 
9 T, *©!& 1 iW^»RaiB 2 -3 TWI^tC-t 
©Rrft*r-S>©ffiB*tf»Lfcfc tfctt, ^©35 1 iJ 
££©ft$Jffi> Rlf*©RlftXT-S>©@(Eft«J:!>*© 
^ 2 PJ^^tD=F^0^3gl N 2 * , RrSm0Z' *Jt£ 
U *©*«N2' , ttffl*2' , RCf*0»2WjaR 
T'ttiJ^nS&IS 0 2 J: t> , ^©H 2 ifJ£&©#RN 2 
©7'J-by UliBHetftcfcjWKLK colW 

<D%zm%.*<Dwmmf (a) in2+02/(2 
RB»6«*8affii;Tt, ?©3f2if]£&©@w©s 

B»H?*©^ft*r-s>©ttB*tHlll?t5. *fc, 
Bftf (A) fi, HWfcLT2W±©gRm£ffl^TA 

[0025] i (onmma, * 

%w®z7—V£mzffiz.rznyt%m-e3b?x, ^©x 
T-mm^tDWkmmxr-v (r s t i , r s 

T2) (CSWCg&5^*-y*«£tlfcVX* (R 
1, R2) fcBfiU ^©fSiMftXT— >*±©VX 
^O^-yfcaSEffiBftafcfT^fctf&ISlg (W 
1) ±K%mtZ$><DX>$>Z> 0 

[0026] %fr%*%m<D% i ©s^Bcjcnif, 
$>»B*B*.Tv*fcak «>j*tfu— <f¥»ffK 

£9*©^ftXT-^©{M*i«Jt§lf£(c^ *© 

RjftX T- tBW-r 5 ^f)^* * © Rift ^ T- S?©» 

ftlBBJ:»)fe'h«< i r*J:fc3yT»*, ^©RlftXr-^ 
©Bl*'h*<t*<:fc*<T?t«. !^oT> ^©"Jftx 

y h©|fi]±*05Cfc^T*f So 

[0 0 2 7] *ISWICJ:«92©B^SB», * 
58W©^r-^8B%B^.rc«)t8B-p*oT, ^©X 
T-v>'gl©^©}|&©WftXT-^ (RST, 5) © 
B l ©^JftXr— >* (R S T) Itvxy (R) ««B 
Lx B2©pJftXf—^ (5) ±fc*OT^^<0/^- 
y t § B©«H£* ttWf % »©1#ttStW»B 

(6) tllU ^©vxy (R) ©/<^r-y*»K 

(W) ±lilfe¥-r?)t<DT?fe3„ 

[0 0 2 8] »f^**l6W©B2©B)teB[BKJ:ntf, 
**©Sf^C^ffl-r?. ; ?-©Bl©5IftXT-^ (RS 
T) EttB3fc£&BftS'hH©«!H©#*itfc-esc t 
tcJ;^T> ^©^ l ©WftXr-v ! ©^f ^^i ! K;^S«/J^ 
RK7*5fei6x Xr-^O/MMb, 8Hfc*ff^:*;U 
-^y h©lRl±*H*i:i:"Pt5. BJtCBS^ 
fi^ft<, ^©vxy (R) ©/^-y*«E?t5IS© 
Wtt*B»-r*fe«>fl!)1«tttB»B (6) 14, SiJ©^2 

©pfftxr-^ (5) icigisnsrcfc, ^©vxycD 
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[0029] at, mwic&zwi3<Dmmii. * 

5Pmf-^B£H*fcMftgB?&oT, *©* 
T-^B©^©JM©WfjXr-^ (WS T 1 , W S 

T2) itwrnais (wi, W2) ^© 
*©$$©gfi±(c$stm£©vx^*-y£ io 

[0 0 3 0] Wfr3#?g0J!©lfl3©lft8BKJ:ntf, 
^nmjm^T-V (WS T 1 , WS T 2) ©|*j<D 
-£©bJ1)Xt-^ (WS T 1 ) 7«)tftff*ffVft*' 

mmh7.T-i? (wst2) ■ms&waMtt 
RU77^yhSift£fT?cfctf-et, *)i<--fv h 
<Dfa±zmz>zttfT>2%o tit, *%w<D*T-ym 

[0031] *%wiz&%%4<nmKm&, * 20 
mm7sf-vm.t, m>m-% cpd 

Bftgl-C'&oT, ^Xt-v^B©*©^©^ 

Xf-'J (WS T, 1 4) ©gl ©nJSUr-^ (W S 
T) ±(CS« (W) £11 U H2©BjijXr-i/" (1 

4) iizzomfi^m&mftz^mtzrztbm 
mwmm (20) «iu ?©n 1 ©njisxf— >* 

[0 0 3 2] ffifr5#?P£©fil4©St)OsE£J:ft{;f> 

^©ssftK&fflt-s*©^ 1 <mm*T-y (w s 30 

T) (aiSBc&l£S'hl©tlfi6©&£8/c-ei> C 
KJ:oT\ ^©Ig 1 ©rJI&Xt-S? (WST) ©/J>S 

§0 B#Ctt&&Btffc<> *©«»»¥*©£ 

mmmmtzrzisbmmmm (20) a, gij© 

S2©BI»Xf—S> (14) fc««Sft*fc», 
lifcltiJT'tSo Sfc, *5Sfl©*T-5>Sfi*BS.T 

[00 3 3] Jfcfc, 1 ©ffiBSW>£S 40 

ti> *BW©*T-5>8B*ffl^fcttBi*«tfa?fc-3 
T> ZmmovjmZT-i? (WST, 1 4) ©rt©- 
0©pf«|*T-$> (WST) *<*©B 1 f»J£&©ft$J§E 

OBB60»Wll[B*»60ttB , fn», Xtt*©®PffiB 
K:a**£»S**©S2fll£fcK:J:!)ttMU c©tt 
aUSaKSoVT^CS l »S«Ott8llfl[©1iiE*ff 5 

fggK&lftftT'fSo 50 



^2 0 0 0- 1 6 4 5 0 4 
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[0 0 3 4] #»WcJ:SB2©ttB8M>£i£ 
te> ^WOXr-^SlJ&fflV^cfflBSltoSft^So 
T> *©BR©RlftXT-5> (WST1, WST2) © 

©If? 1 ©ttflBHrtKASIBfc. ^©8 1 &tf35 2iij£ 
*KJ:-3T|(||l«lc*OWft^r-^OffiB*tt»U c 
©tt»IS*fcIi'3i v t*©* l MJSROtHWS***© 
£ 2 Bj£S©tKMSJ|£Sfcrt*S fc©?fc3. »r*^ffl 
B8W*»K:J:tit£ *©B«©Rlft^f—^**n^ 

5, 

[0 0 3 5] 

[BiB©£fl8©»JI8] WT> *£HH©£ l ©£ffi©Mi 

• 7 y k • ^*+y*^©ae«^fiK*5iifl%affl 

Lfcfc©TN&5. Bl& *W©8IBBftSBfc*U 

mmam, mm. mvu-uyxm 

2, RX}^>T>^U>X3^LZVi-^)VR<0/^ 
-ym (Tffi) ©*'J v h«©BWB«*BWt4. B 
JtJtl Lfctm K r F (il2 4 8 nm) , gb< 
(4A r F (Bftl 9 3 nm) ICxtv-^lz-fl Y 
A G U— »f ©H«», Xfi*»7 ^ 7© i « (ftft 3 6 
5 nm) WffifflT**. MW% 1 rt©RjBBP»t)* 
gj&afcSCfcfcJJoT, ffif©^m mm* 

(ofi) ©BW§©rt©mB©B^S*aiR-Pt5«J: 

cii, *©»3t*-r 5 yvmmwmmmmu 

W**±WIP*1 0*V ^H*©U-1f«B*^tT« 

[0036] v*9Arm*vMi&t\ uczzmmm 
m (B3»B) rt©/<*-y©B{*, a»jt*»PL 

(wafer) W±©7. U 7 h«©B^fSii 1 2 fcfflBSti 

So WTv aB3tt¥^PL©JtttAXfc¥ffCZ«l%ffi 

0, ZHlcSBft¥BrtTftiai)W©l/f'^^RRtf 
7x/\W©^$^(p]ta^t5I^S^|6) (Ep-fe, a 1 

[0 0 3 7] U^^^R«> bf^Mr->'R 
ST±E«a»|R«lCj:-3T«»«tU ^^Wf-^ 
R S Ttt, TfTEEBSftfc 2*©#-f K 4 ARt>*4 B 
±Cx7-^7 U>^%^LTY*l6lC»»ifiEfcBB 
StlTl^, BC*«9t»«» F4 ARO*4 B±Es 
Uf-tftZr-VR S7tim±LlCZ-7-^7Vy>f* 
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it LT Y *|S)K»ftiftK W87.T- V 5 tffHISft 

[0 0 3 8] B3tiu Uf-*;l*r-5>R S TRtftHW 

Ytfft (itStfl*)) E#tffc#f K4ARtf4BEj{h> 

Kl!lSti§<fc?EU?-*;l/XT-S>R S T, RlftHHffl 
Xr-$>5*««tStlT^S. #VF4A. 4BOg* 
ti, ^S^ftBtcDU^/VXr-^R S TcD^idT. hn 

<8fi&£nTl^5. Sfc, l/f-*;l/Xr-5>RSTtt, 
Y£|q)E8ft*affl»aT-J>i:, C0fi»*r-S>± 

5?RST±Ett, U^-^;l/R*X*|fi]CRtfJ:aft(fi[B 
H«71»OS*V-*fil 7C1. 17C2tf@£2 
tl, S^V-^ffi 1 7 C 1 , 1 7 C 2 C^ft^ft-^TE 
©09 * tf +?^©«?pv- * M C 1 , M C 2 jWBjS** 
TV5 0 S¥v-*MC1, MC2fcU?-*;I/R©JKIK 

0©IB1tS&E|EtlStrtVS. 
[0 0 3 9] ^LT> ttMfflXr- S>5±KX£|rJK» 

\zm>m% p l oe««Fttn-i«ffloaaoii«v - * 

;!/ R K »* 5Btt#©7, 'J <y h tt©JR911R* 9 , ± D E 
attt!5ag**3RP L©1/*-*;I/R1II©8»©X£|r|© 
**15C^-P# 5£tt©** S*M*T^S. a* 

*ffl*LTfc<aBtffc<* SO, *»tffl©U?-*;l' 
R £ ^©Hffl ©£»l$Hlfc*gi: 
titttttt^XIUiCttMT*, P L©HB#t 

S>5Efc, X^(p] (IHH-«*|r1) cw-rstt^H-e© 

5±fc, 3StWfi6SX#fofc«&J:SEia©IStpv- 
*ffil7Dl. 1 7D2tf@£2tt> »?-{fil 7 

d i , 1 7 d 2 n^nr^TcofW^tf+^aoisip 

Dl, MD2fc«»©ilfflv-* I Ut<D\mm%^ 

»iEacini«tiT, ±wwfii ooiBitgptiBtg^n 

[0 0 4 0] C©cfc?E*0ljT*«\ S^«6fflOttjiW 

xf — v' 5 t Rtt & ft, **<?) u ?■ * ? - s> 
R S T±Ctt, l/^l'RCttlcttJraojWHiSWS 

}fc©fcl&Ki&g«/Mfi©j£*, RVtiLWmmtDfrZ 
l*fttf J:^fe*k bf^Wf-^R S TONSIL 
MMbtf&KSftTV*. fltoT, W^I/Xr-^R 



(7) #012 0 0 0- 1 6 4 5 04 

12 

T-i/R S TOj£SiiSte*xnXT-S?©j£4afi© 

0, c©*£Ett*09?tt1$fc;oi/-7'y htf*£<lR] 
[0 0 4 1] *VK4 A, 4BE*fL-T+Y£fi 
S T©+Y#|iiJ©fl|ffi©£lMt.2 4 YEU— tf'fcT-Atf 

io jstren, +x*ifliic»Bsnfc2iiou— tfT^H-7 

XI, 7X2fr6Uf-*/l/*f—S>RST©+X#|q]© 
»JB©#®jSi 2 4 X K. l/-V\Z-WmHZ*U I — if 
Ti$ft7Y. 7X1, 7 X 2EJ;oTPf-i';l/XT-> ; 

RSToxa«, ymm, Rvmnmmzti, wan 
mm i mwm \ oE«t&stu 1 of** 

©ft$JffiEg^Tyx7*-#^£ftLTl^*/l'7. 
r-^R S T©afiJf>ffil*iy»t*. tit. iH Y 4 
A, 4BE»LT-Y*|RlEa8HtnfcU— 
Yfr6ttlfflXr-^5 ©- Y#fpJ©llJ®©&fj8i2 5 
20 YEP— *ft-^^BM**n, U— *f=FiWH-8 YEJCo 

TH-i»J$nsttiJfflXr-^5coYffi^±«»^ 1 0 
KflU&sftT^a. Yttou— yri/8 y© 

Jlfitttt, *ft*nY£fiK}&oTJ!aifliB89©*<L\ BP 
$ft7YRO*8Y«, ZtrtttmX'+thTsT-yK 

[0 0 4 2] ^fc, l/f-$»;l/*r-S>RST0iI£tS 

ijs^siipxuTfet, cn5oaffi*»»a2 4 

30 X, 2 4 Yi*ftLTfcJ:<, IHIIffl7r-^50BS 

5X, 2 5 Yfc#4LTfc<fclr\, IE, *WTttH 1 E 
S-r«t9E, Uf-^;bRO±^FE, U^^;l/R±EJg/S 

tS8lRARtfRB*^BH*nTV^. 

yhBtSHRA, RB©«ai>f^*ii*a«ttXttE¥ 

40 LT^5. *^iJT'(i> #f»Sg2»]£& ($feWfilS'J^ 
*) E»C1-*Uf-^77'r^yh»«l|RA. RB 
^rfflV^T, H3E^tUf-»;W7r-5?RST±OlS*P 
v-^MCl. MC2, RD'tUfflXf— >*5±C0S^P 
V-^MD1, MD2©ffll*ttlBt«o 
[0 0 4 3] tLT, Ja«1$ttOtt«^E, P^^VX 
r— >*R S T*+ Y*|qlE^»?-&T, S¥« 6 m& 

ftfSfc, I/— fT^tt7Xl, 7X2frb(D\s-VZ 

50 ^r-5^5©+X*|R|0»IMl2 5XEJ«W*n*J:a 
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RBK<fc»J»Pfi6±OSlp'7-^MD 1, MD2©$ 

ffi«M> («»©+<lo ^©fti-fni^ften&tB 

UBlO±SMl0li, SW-^MDl. MD2 

oafeffiBTftlflVhS < ftS £ 5 tH-iJfflXr-i^ 5 

»W7xi, 7X2oiwj«**ti€ny-by Mrs, 
a*, *n&©tt»ifc0i*{fm£©ffifc7 , y-fe'y m, 

[0 0 4 4] COfttt, U— tf =F^H- 7 X 1 , 7X2K 
«feDtt«l^r-^50X*|q|Offil, fttf@isfci!><3 

5 © Y £fr ©fiBfi I/— >f TJMt 8 Y K «fc Tit !$^fS 
BfcttBStlT^S. ffi^T, EtlSOfHWHc*^ 
T±BWRl Ott, U-7*-^H^LTH-iJfflXr 

±IE©<fc5ESS*V-7MDl, MD2 0ffilfm* 

u— >f T^tt 7X1, 7X2 ow-Mtt^^n^nwct 

[0 0 4 5] ttjU^ttt, l/f-*A/*r-S>R S 
T©#£4£fi©{iB«ftffliJ£nftt^ Bft©fc«>lC 
l/^^Xr-^R S TtfPH1IWI9TCjttntf, » 
If U— «f=HWH-7 X l , 7 X2fr£©l/— •re-Afl'l/ 
t 7 /VX r—>* R S T mmWL 2 4 X K MM £ft § J: o 

Xf->*R ST±©S*V-7MC 1 , MC 2©{41f 

froaM^<ft3ci:9Kl^7;l/7.T-> ? R 
STfcffiBftftbfcttMK?* »f : F»tt7Xl, 7X 

att©a&««SBTUf-*;PXr-^R S T©x^iR]©ffi 
B, RtfH»IOW-»3Wffctu Y^iR]©{4gtil/— «f 
T$tt7Y£«koTfcl$tt»£ftT^Sfc«>* 

zt-VR s T*K»Sfcffia©flHlKflHISW>*SC 

ttfVZZ, UoX, Is— ^»U7X 1, 7X2fr& 
© U~»f C ©*SP£fifc^o 

[0 0 4 6] milCM 1 ), 7x/\W«^0*©7xa* 
;^^l/T!>iA7f-'yw S TllC«Jt«n, 7x 
AXf-^"WST(i$Il 3±tx7-^7'Jyy^ 
l/TXM Y*lSlC»ftiftK«B«nT^5o tfx 
/^f-i/WSTCIt 7XAW©Z£|nJ©{4B (7* 

y >m®t>Mfr&£tix^&o sfc, ^aii 3±k7 

XAXf-v'W S T fc{iJJiJ#T'X7-^7 'J y7*£ft L 
TXm Y£ftfcWiSfc#B©WWBBtfB*& 
4#BBSftT^*, HHOT7.T 
-5>14EtK ^©±H<D7*-*XffiH^»T5«S 



(8) ^12 0 0 0- 1 6 4 5 0 4 
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[0 0 4 7] 02 14, >)lAXf-^WS T, SlfttiJ 
fflXf- 3>1 4^t I Pffi0Tfet)> C©B2fcfe^ 
T\ £11 3©gffi©rtg|3}CttFiJx.tfm^©E?i]T'3^ 
;WS&&3;n, 7xa7.t-^WS T©S®> Rtf 

ttsijfflxr-^i 4©isgfctt*ft* r ft3-7fc#K:« 

^fc<};oT7x/\Xr-> ; WS T, StftfiJfflXr-^ 
10 1 4©xm Y£|p]©fifi, Rtf@Cft««S^Kil!!!fi 

(W8-5 1 7 5 6S&«tfc^TJ:9i¥*lllfcM* 

[0 0 4 8] *C»J©7x/nXt-v ! WS Tli, B#K& 
lft«'hH©«B©#*B*.'tV*. BlJ-fe, 7XM7.T 

-s>wsm 7*- #x • W)y<mzn%.st# 

7xm^t-^"WS T±KI4, •ZXAWfcKBfiJf 
t57XA*;U^* (7XA\V©JgH$l) fc, 7xa7,t 
-5>W S T©ffiltf»|ffl©»¥v-7M MMtfLZfttz 
20 8*V-^fil 7Afca<KB2:ftTV*. S^-7& 
17 Allot, 1^7/1/7^* yhffl©»pv-7 

[0 0 4 9] $ft, Hlfc^1"«fc3fc, 7xaW©75 
-T ^hffl©*7 • 77^X^TH^a^S©7x 
/N75^^yh-tr^-yi 6tfJSaB***PLEB»tT 
S^etiTfct), 7x/A77-Y/yh-tyy 1 6©«ffi 

TVSo 7XM77^^>h-try9-l 6«> 7xmw± 

30 x/nv-7) ©{4Htf-SiJffl©-try9-T*fe5o 

yx./\7yJ*y h-fey-y 1 6^rfflV>t, 7x/nXt- 
i/*W S T ±©S*pv- 7 M A If ©ft B&ffi%f7 ^ o EP 

[0 0 5 0] HilfflXr-S'l 4©Bffi(i, 7x 
/N7NT-^WST±©7x/NW©^®t(S(mCS$fi: 

->*1 a»)t¥3RPL*iiaLfcB3t3t©^S© 

40 t5/'c46©^B-bvy<J:t)ft5^« ; ex^l 8, 

PLlCkS^y-yh «©BJtB« 1 2 rtT©Mfi 
^fli^ttiJt § ft 46©^m-t J: 0 ft * BBtr 6 -fe v 
it 1 9, BBMttffiSAO^U 7 h 2 1 X, 2 1 YjWB 
/SStifcM£S2 0, StftiBSi|SfcftSS¥v-7M 

B*^/s$nfta^-7ffii 7 BtfBSsnt^i. 
wasBBtiHiistiT, m i ©±»j»jR i o©iengp 

CEtt^nr^S. S^v-7MB©14Bt 7x^77 
4*yh*:yv \ 6tJ;-pTH-«i)$n5o 

50 [0 0 5 1 ] 8iJJ&K2 0©Xtt©zyy h2 1 X, ftlf 
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Yifto^u 7 h 2 1 YojSffifljtttf-n^njDtuy 
■by*»j:DaiiMWiia*3Wii*«nT^*. * 

©XD -y h 2 1 X, 2 1 Y©ftfctHC, JSBHJPOXy 

i/zmi?$>^\ *lt, mm*-* \ 8©»t 
mtm*-* 1 8»tf!Sjt«y&-b>-9-i 9©&ai{i 

[0 0 5 2] M^2 OCISW©^*!'"*©!* 

dmaa 1 oifflmttmpK 1 1 \z<mtmx»*. 

c©JfS, 8»^fcPL©8j^©tttlliSK:tt, a 

3 © i/f - * nmmm xf->*5 ±©»tp« 6 # Mm 
* i m©*# *xA*f-s>ttfcfii&sn, zmm 

M£2 0±©X>J'y h2 1 X, 2 1 Y1?WfftX£ 
IrK Y#Glfcj£4 LOO, lS»OJtt«-b>-9-^&©tttB 

1 lm *©*WI*«aSLT*0iffllY-* 1M 

S«fct)fie«©«ffi»fl, f^Xh->3X ^Xb7 
*-AXttB*©t«M#tt*#»T±*llP3R 1 otta^j 

©l^X*B!»LTflr£©7V X 3 >H ©*£#$ 

^miEtmrn^mi^x^*), $.wm\ one 

[0 0 5 3] 02tfe^T, ttSSfflXr-^l 4 KIM. 
ibftT^zmmt-fi l 8, !Sfitr6-t>-9-l 9, & 

t;i»j^2o©j£gi5©7ta-by^©-ty9-ii:«, {sin 
wwr-^wDawj t i r> xmmms. 

*^1frbmffl©7XAXT-^WS TfrtbftmttiK. 
StiJfflXr-^1 4fcRtt5nTV^fcak 7XAXf 
-^WST*«, glffcT'fSfc&fc, tf-lffl©-b 
y9-©«W J fttiB+©RJt)t©J»x*;I/^-K:«l:«ffiH 
ft»»a©fiT* t l»±'Pt«5fiJjS^**. St, ^ia 
Xf-i^WS T©/hSftC«tr3T, 7xaXt-^WS 

[0 0 5 4] £fil 3fcttLT+Y#|JiJfc»H* 
tlfcU-lfflMH 5Y*^ 1 >X/nXt-> j WST©+ 
Y?3(p]©iJffl©^®)t2 2 YfCU— »flf-i»)WHWS 

n, -x*iftiKiM«nte2tt©i/— ra*tn sx 

1, 1 5X2fr£> 7XA*f- $>WST©-X£fl©fl| 
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ffi©^®)^ 2 2 X l/-1f JMtetU U-^T 

j$ftl5Y, 15X1, 1 5X2£J:oT'7XAXr- 

^wsToxfflu, y*«l RtfatRft^Wiiisn, ft 
mm i ©±*ijj»* i o mmn, mm 1 o a 

^©ftifMiKS-^Tsp®*- ^^Lf>x/\xf- 
5WST©aje*fM*l|?JtPt5o RHftlC, fHfJfflXr 
4©ffliSK:t>Xtt©&fl8Ji2 3X, RtfY$||©& 
ft*t2 3Ytf«l9tttt&nT^S. *fe, 7xaXt- 
S^WST©ESt5«ffi*«ffiftlXfr, dtlSOil 
10 mWimZZX, 2 2Yt#&LT&J:<, RWKttM 

fflxr-^>* 1 4 mmvmmmm 2 3 x, 2 3 y t 

[0 0 5 5] * UT, »¥9t©A»x*;l/#-$©ttjH 

r- i>l 4©8»*2 3X. 2 3 YfcflgftfSnS. B4 
tt> BJt)t©A»x*;^-^©tfjm^©^xAXT- 
f'WST, &tm9Jffl^r-^l 4©EB©-W*S 
U C©<k$£i7XA;*T-5>WST£WttfHij{l 2fr 

20 {cttijfflxr-^i 4mmzt, \s-*fTm\5 

XI, 15X2, 1 5 Y*»6©U— ^tr-Atf, 7XA 
Xt—>*WST©$Sj^2 2X, 2 2 YfrZftftxmi 
ffl*r-S> 1 4 ©^ii^ 2 3 X, 2 3 Y £JB*f * 
SfcfcS. £©£#£, H-iJfflXr-^1 4±©S^v 
-*MBA\ 01©7x/N77l'^>h-t>'1tl 6<DM 
ifl 6artCA*«k9tlt»IfflXr-^l 4*9»L 

*0 2«©Xftt©L/— If =F^tf- 1 5X 1. 15X2 
©tt»tttfH-©ffii:ft*«J:$fc, 4 
©SKA«tlfP Lfc^lT\ S?pv- 7MB ©ttW*^ 
30 fr&©ffiltni*ftffit5. ^UT, ±Mffl]^l 0 

(i, c©ffi«tn«©x^\ arfY/s^^n^ftu 

-«fT»tt 15X1, 15X2, atf U— !f=F»tt 1 5 

Y©ftiSWfity'J-t7 hts. c©»tt, U— tfTiWH- 

15X1, 15X2, 1 5YC«fe0flStt%^tS«Ji8 
T'SffigtttSiJfflXr-^ 1 4©{SB*M?tl, C© 

ttsijfflxr-^ 1 4 <D&wz®mmzmt5 C t^T* 

[0 0 5 61 -73, H2K^tJ:9K, It 

40 »fflXr-$>l 4*8jBS#Tx fx/^r-S'WST 
<D®mm2 2 X. 2 2 YKb— IfT^tH 5X1. 15 
X2, 1 5Y*»6©U— »fe-A*M$n5«};9tL 
T, g*pv-£MA£v-XA75-l';<>h-try-tf-l 6© 
8516 a rtt»»LT, U—tfT^H" 15X1, 15 
X 2 ©tt»tt*-aS-&fc#tt'^ S^V- ^ m A ©ffi 
■■f ftl*H*l t, C©H-fflfiCS-5v^T U— if =F8»tt 
15X1, 15X2, 1 5 Y©fHBKI©^U-by h*fr 
5. COUtt, SIBtt^ttS^ffi-pffiflltfOxAX 
r-v ! WST©ffiH)*46MTbn5o ^fc, ¥15^-^ 
50 **-^>;U-^-pBttt * c f: (c^t o T t ^x/nxt 
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-S>WST\ RtfffflfflXr-^l 4©ffi«4**frt 

m ^Mtffii oiiDx/^f-^wsT, &mm 

[00 5 7] HlERtK ^0^T^S*% 

tfKBsn, coatmsafca^T. izmft* 

ft*, 7x/NXr-v ! iiJ©tf-?I l JfflXr-v ? l 4*ffl^T 

8W«wrplk*w*»*>I6i Lvxmmmmt 

^i^tfiWf 57c46C> HlCfc^T, U^^7U7.f- 
5>RST±EB^OU?-2/l'Rtf*-D-KStU U^* 

;i/R*m^i L0xmwi±.K.itm*o a 

4^t"«tat, ^x/NXr-^WSTtiSSl 3±T* 

^PLE<fcSgfttg$l 2\Cftfr?~C®mt 5 0 *<D 20 
ft, ±130* dCU— "fTSJttl 5X 1 , 15X2, 1 
5 Y ©tHHtO^U -b y h Zft-Dklk, KMRIZt-V 
1 4±<D!BIWfc-*l 8©S)16ifi*«JtlB«l 2*S 

^ ffli-etf 1 4 <w± u c 

t*x* i 8*^-UT«3t3tI LtDttSa'ffffiiJSnSo 

[0058] £sy«i$ i om zmmzntcmz 
mnmm%i 1 copse, mtfp» 

* 1 rtTB«Jtt I L^e»ftLTH6n*«S*tlHlU 

t» ensst«««>isfM*ttia*3R 1 1 Eda&snTfc 

0» tSt»«ftt»**i iTtt, 2O0tt»JttE*-^ 30 
T, ffiflS l rt1»*-#«n*Mfli*»&JJ»3t^RP L 

/nW«*o- K«ti*. H2E*t\fc$E, stiff! 

fflxf->*i 4»K3ttWMl 2^6«nfcffi«k:lMi 
U *>XAXf— ^WST*«3t««l 2K^T» 
lit 5. ^x/nXt- $>WS T*^j8*T£5tf E 
tt, 04E*-Tcfc?E, I/— tfT^H-l 5Y, 1 5X 
1,15 X 2fr&©U~ * tf-AttJSWSftft^fcik 
Mitlf¥ffiit-^**-^7l'-^»S-pe»"rsci: 40 
E «k o TffiBSJffltffrfeftT^S. 
[0 0 5 9] *LT\ tHHffl*f"-S>l 4*ffftfl(8] 
2fr6ftiBS-rr, C'X/NXr-^WSTiBJtattll 

H-15Y, 15X1, 1 5X 2 0ftjfl|{|©7 P 'j-t:y h* 
fiofc*, "^XMXr-^W S T±0SH»T-*SMJ 1 
7 A±©U^;l>fflOS*pv-^ (*H*) <Dfp>bt)\ 
ttHlAX (SttfWgl 2O^l0 ttifiE{M*5J:$K 
£x/NXr-^WST©&i!jtffTtoft£o 
*;1/75**>MWMIRA, RBSffl^T, 1^/1/ 50 
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R±©l^;l/Y-?i, gtpv-*4Si 7A±©m 
f as? v- * offii-f til^mS ©WSIEH E £ 
8*5t, Hl©l^*/l/XT-S>RST*SH&tS«: 

tfc«fcoT> i> s f-t)\'R<D77'( twtmfrnzo C 

tltlSi&miC. *0*i|»"*-*«l 7 A±tDSlJOS2p 
£ M A OffififcStfB 1 © 1> X/ n 7 7 -f ;>< y h \L V 

[006 0] #E, i)XA77-1 , )t>ht>'1fl6«:A 
lT^XAWiOBr^->3 y ftyffri/a y 
h) EttiS£nfc^x/NT-*©ffiB£&tB-f3ctE 
ioT, »>XAW©§^3'V h£«0E9Mtf#«>5 
ft£ 0 *©E5WS«, &tf±lE©^-X7fy 

lEg-3^T, »>XAWOB)lfiW«0'>3 v hWHtU 
TtnlRV'W-ymt ©ffiH^k-efcft^&a* £ , £ 
SE8Bfctf?rt>tt3. ^XAWiOSi'a')! MSiS'NO^ 
lIMta, 0 l Efcw, BJttJt I L»^fS«9 
(03#BSJ |c«UT, Uf"^;l/Xr-i/*RST^L 
TU^*;l/RA*+Y£|R] (X«-Y73|n)) EilgVRT* 

#iai) Eagjj-'VR -pjfessn*. 

[00 61] BJtfdtH:, MAOHIffiR 1 rtT* 

nmm 1 1 c«i&«n, mmmmm 1 1 -pa^ 
£W«p» i o -eti, ^j^. « p l rt^mso u 

[0 0 6 2] W±* s , 

i»J*ffdo «*tf, S^ilcl 2 rtOIW^-tt*** 
tSfcttt, U^i'/l/R^U^i'^r-^RST^?) 

[0 0 6 3] ^E, \s1-t)\>7.T-i/mm\m7>7— 
i/5, Ra : '>x/^XT-y*iJcDt^-iJffl7 > r-y*l 4^rffl 

R S Tfi+Y^E^jgbT, mMjX?-i>5±©* 

r—>'5 Ettlfit4*lRlOU— !f=F»tt7 XI. 7X2 
^6©U-ifi;-Afe!a»*n5J:?E49, 
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$HI©'J-ty h (Xlt7V-bvh) tffi&txZo *© 

& \s-*?=rm7 xi, 7X2, 8 y (Dmmicm-i 

[oo6 4] c<Dt tc, mcmwbrz&oic <?xa 
zf-i/mammmm-t i Mmm&m& 

PL£ftLT$U£ft3o C<DWMT\ 04Kfc^T, 
ttifflXr-^" 1 4 £SKS) LT, 2 0 ±©7. V <y 
hT'*©fiSv-7 IM©§i£X£|pk Y#|n]Kj£g 
U !Steffi2 0^)ggl5O^-by-9-^tH{I^|S{i# 10 

ttins&i ix-mtzctickox, *n^©<i©{fi 

©7*-#xttB£m£«-fo^;t&tf?>, *-n?>©§! 
©&b, Rtf^yh^xh^ib^nSo cn5>©$j£ 

**PLO«»1«t*«E'r*. 20 
[0 0 6 5] W±©J;?£, *09©filBBttS«-CH\ 
^x/NT-y-r^yHryy-l 6t<i:-3TS¥T-^M 
A, MBOffil**UlLT, C©{ftHm$Rfc*^TU 
— 9* 1 5 X 1 , 15X2, 1 5Y07*U-by h* 
ff5fcJ6, U— »fT j$ft 1 5 X 1 , 15X2, 15YIC 
J;!3 7x/N7>r-^WST, X«ftfflffl^r-^1 4© 
fit *«V»HSttT»WfllfiKtt»| LT«»t 5 C #T 
t5. B«fc, Uf-^T^^bEfflHURA. RB 
t<tDS¥v-^MC 1, MC2XfiMDl, MD2© 
ffll*ttdiUT, b-^!$tt7X 1, 7X20U-fey 30 

ffflJfflXx-i'" 5 ©ffilfcfl^SSttTffifllfifcitai L 

[0 0 6 6] *^®M20ftK0«MU»tH 
5-01 2%#!Sl/T8iWt«o #WfcJ\ ZSRJtffit 
«fc 0 Wfc*fr 5 7\T % y~/ • 7~y F • X^-^ y£iS©}SI£ 

©a»»3ttSli©«W«jS**L, C©0 5til:t3V>T, 
*fll©«He»ft»BH\ 8 6 *«(&««*: l/C 

©9XAWi, w2**n*ft«8LTi!i£i/C2&7E 40 
mtrntzmomzT—vt i,t©7xaxt 

—>*WST1, WST2*«*.fc*r- ^81* C©X 

r-s^«o±*icEi«nfcis»)t**p l 1 > m 

ft¥&PL l©±^T'VX^tbT©U^^;l/R IXtt 
R2 (06 W *Br£©j£*#faEK»tSU?-*^ 

WT, JfflBJfc*?R P L 1 ©^W A X 1 KTOK Z**JR 
0, Z«HCSit^¥ffirtT'05©^StC I Pt7KX|ft%, 
H5©«BiK:SaK:Ym*lRoTBilB-rS. *Wm 50 
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[0 0 6 7] *-f, Xf->11«, ^-Xfi8 6±C 

Y*|pjCa4tT^S)i^20©7XAXr-^WS 
Tl, WST2fc, Cin5.©9XAXT-v f WS T 1 , 
WST2*Bft-r5^XAXr-^K»^8 1 W£, 7 

xaxt-^w s t i , w s t 2 ©fis^n-sij-r^T^ 

[0 0 6 8] Cft^SSESBStSi:, 7XAXr-^" 
WST1, WST2©j£ffiEtt*H*©x7/-<y K (fflj 

*a»*Ei!2*»ii*» ^aswumtKttenT 

|)iaXt->*WS T 1 , WST2fi^-^fi8 6±K 

[0 0 6 9] 07tt, 7XAXr-^WSTl, WST 
2©SBi)«H?§£*U C©07Kfc^T, ^-7.$ 8 6 
±fctt, X*lRlk:ffitf5 2*©Xtt>J-7^-4'K9 5 
A, 9 5BffitcS(t5tlT^5. XWUX7^K 
9 5 A, 9 5 BiC'fevXZft'etW-Tt-tfQOlm 

F9 5 AM/9 5 B Cjtio X&Wlfe&fc^tl^tl 2 O© 
»#9 3A, 9 3C&tf20©&S)gW9 3 B, 9 
3DtfffiDtttt5ftTl^o Cft5>4 0©$S]gW9 3 
A~9 3D<DflcffiSWO):, X(*'Jx7^K9 5AXtt 
9 5 B%±*atfW^6HtfJ:5K^B^©Kft3-r 

/Wn^n^wt^nrfco, cneoei&a-i'/i/ 

fcXWUx7^K9 5AX&9 5 B ttioT, §^ 
1M9 3 A~9 3 THk\1ifa\zmit%k-\Zy>7n 

~9 3D^r rxl4'Jx7 ; 6-^J k^feOfct*. 
[00 7 0] C©rt20©XMUx7 ; E— ^9 3A, 9 
3B&, Y*|Rjtjitf«YlAUx7^K9 4 AOBJS 
S<? 20©X||'Jx7 ; e-^9 3C, 93 
Dfc, Y^|pJ(C5it>*i>Y|ftUx7*VF9 4B©pfflt 
HSStlTV^*. Y|dl'Jx7*VK9 4A, 9 4BKti 

znztiYijfaicrMv-Tt-tm 1 is©igi)3 

-f/I/^HJt^tlTV^S. SEoT, YW'Jx7*VK94 
Att, Xfl!l'Jx7 ; e-^9 3 A, 9 3 BC«fcoTX*llU 
X7^VK9 5A, 9 5BK»oTX*lR|fi:8Hft«tl, 
Y|ft'JX7^ F9 4 B«\ Xi|i(ll , Jx7 : e-^9 3C, 
9 3 Dt t koTXW;x7^f' F9 5 A, 9 5 BfCffio 
TX73ftCIBt!!Sn«. 

[00 71] -7?, >)XA7f-^WST 1 ©IggUK 
its -1SMtoV-7iM F9 4 A*±*StfflH^5) 
Ht?^0^©lffl©7^JKE*Wt5nTfeO, c©7* 
YW'J-7^ F9 4 A i:fC c fcoT7XM7 > T 
-i/'WS T 1 *Y»|RlKBft"rSA-ty^Ty*y h 
gJ©'Jx7*-^^«fig$titi/^o laittfc, ^x/nt, 
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r-^W S T 2 ©j£»fcHtt6ftfc*Bjitt> 1 

-^WST2fcY?3ft£BIH"5A-e77*V7**y F 

[00 7 2] BP^ *0ijT*tt, JtaSLfcXttyxr/H" 
K9 5A, 9 5B, Xfflyn7*-7 9 3 A~9 3 D, 
Y|4U^7*V F9 4 A, 9 4 B&t/7xn7T-^W 
S T 1 , W S T 2 0£»0*B*0*&BE*fc <fco 
T, ^I/^f-^WST 1. WST2%»3iLTXY 
J FS±T2^7tSg®)-r57 1 r-^*«$nT^5o 10 
cne><D£x/\Xr-^WST 1, WST2te N 05© 
Xf-v*'fgSj&8 1 W*^bTXr-i?*iJ»Sl3 8t 

IPS! 9 0 1 J: o TSJBSftTV*. 
[0 0 7 3] Y|l'Jx7*>l'K9 4AOiai«|C» 

ite>n/c-wtoxttux7*-^9 3 A, 9 3 B<Oi^ 

ttnJt6T*fe§ 0 ntttC, -W<DX|fiU^7^-^9 3 
C. 9 3D<omil<DrtyyX%^mt2#ZZ£X\ 20 
^lAXf-f'WS T2fc«^ft3-' r^£?g££-e 

/co, BS-rscfct-cts,, cn^'jiAXf-^ 

WS T l , WS T 2±fcM\ ^WTs<D*?&\*i)/?l£ft 
IXZtl? ft7XMW 1 , W2tfXffift»«KJ:!)HJ£ 
Stress. 7xM*;l/7*t;l\ ;=r«©Z • 0RB8B 
CioTZ^lSlRtfe^lRl (ZUOIhI0O@Ib*|SI) K 

[0 0 7 4] !>X/^f-^WST10-X*fil 

fttf + Y £ |bJ©{I«> BiBft±tf fc $ tifcSWiS 8 
4X, 84 Y (B6$B) t&oTfctK |hH$£, 7X 30 
AXf-v'WS T 2©+X73lfi]Rtf+Y£lR)0lSlffitt, 
mMtttTtftttlllEUims 5 X, 8 5 Y t%oX^ 
So Cft60fi»iB««ft*£»lSLTfcD, cne>© 

T»5 U— 9"* tf-AJ: 5 3&5tWf-i* 9 2 X 2 , 
9 2X 5, 9 2 Y 1-92 Y«2n, *©K»3fc* 
#U-1fT8NH-WBt"r*ci:KJ:0» &E&tE©g*P 
a HRfc ttSKJt^fllBi^T 7f * > F 7^&©{IJ 
ffifc«R35-*EBU ZzmmttZ) frt><D 
«ti*tt»U cntiO, flXAZr-^WSTl, 40 
W S T 2 © 2 #7cffiBtf ^ft^ftftSISnS * ^ Kft 0 

[0 0 7 5] B5£*5V*T % SBJt^PL 1 LT 

3 0 «Bft¥»P L 1 1 LTBHJB»f3l«»E»3R 
*ffifflLTtJ:^o COJSBJfc^SPLlOXtflRlOW 
Met*, B5fc*-r«fc3fc, 5Wc[5]i;«fii£8o/c:* 50 
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7 • 775^7. (off-axis) ttVYvJ *>Y%8 8 
A, 8 8BA\ a»}lfi^3RPL lOJtttAXl (1^7 

-BBfcttBftfcffiBKBBSfttvSo cnp>cD77 

-f;<7hJR8 8A. 8 8 B& X'jy YVKDU— *ftT- 
L S A (Laser StepAl ignment) ill 
37? ^©F I A ( Field Image Alignment) 0(l*{f 

2*0^70^ y\£-L.<D®mytmmz>L i a 

(Laser InterferometricAl ignment ) 2£©38$§©7 

v- 7RO*7 xa±07 y<{ * y F v- 7 © 2 #7C75fi 
(X7j|p]Rtf Y7j|pJ) <Dmm*m<ittfT'ZZo 

wixit, ctit>3wm<077'( *yh*yvz, si 

BWfcJSCTBtWt, 9XM±£D3^CD-^7tY-7 
©fil^tB LT7XMCD«B§fiBtrIJ^fTd V>fc>tf>3 
V-f-TUtyY*, 7X/N±cD*'>3-yHB«OE 

m%mvim*m77'(y7y'(*yhmm??^ 

[0 0 7 6] lO^ -73077-1'^ >b^8 8 A 

-7IAXf->*W S T 1 ±(C^$nfc7XAW 1 
±©77-T^>hv— frOflMWWStffll^&n*. * 
fc, {W©77^yF&8 8 Bfi, 7X/\Xr-^W 
ST2±C«jf?n/c7XMW2±07'5-r^yh'T- 
*of4fittfi|tStfflv^n*o ztibnTv'ftyhIk 

8 8 A, 8 8B*B^-r5S77-f^>Hr>1f^6>0 
^tU«^«> 77^7hffl»8B8 0fc«f&£*'U 7 

v^j-yy mm 8 o T?«0tt&sftfc«w«#* a / 

D (7^-n7/r^7;U) £»U rVfiMtLkm 
B**±WWSB9 OK3ai6tU £M»BB9 0^6*0 

<w«sbicisi;tx^-s?«wib3 sicwltbjw 

OttB*iiEBBWlH*«h*J:dfc*-3T^*. 
[0 0 7 7] Sfc, HS«*bfc^ «WJII6*»PL 
K Stf77^^>M88A, 88BO^tl^nK: 

ti, 7X/NW1 (XJ4W2) ©H7 1 e®©^7F7*-^ 

U^U 7^tt9J«« (WT> TA F/ 

al&j mvztix^Zo cm. mm 

^PL1<DAF/A L%tLXIt&s V^*5f6JXi*73* 
O^AF^^ffl^nTl^o *LTs 75^* VF 
IS8 8A, 8 8B{Cfell^AF/AL^IStt^nT 

KfflV^n* A F/A LJRfcHtrW-OttilBBWKWL/ 
t, 77-f^>Fi'-7^B#fcffll/^nSAF/AL 

5. COfcfe, 77^^yF^8 8A, 8 8B^fi!fflL 

fc75-r^yhs/-^y^>*cfe, B^fciwiSJto^ 
m&vmm\c7y^ * y b-v-tommmi? 

CtffXZZo Bftntf, B^lffc77^^yM^t 
OH-P. Xr-s;©i?»CJ:5*7'feyh CBS) 
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[007 8] U***MHHIfcOV>T, 05R 
tfH6*#JHl/CBWW*. coUf-^MBIMJIfllfci:, 
Uf-*;W<-;*«7 9±*l/f-*;l/R 1 £«#LTXY 
¥i50 2^7£*lSlK»»Blfi6&l/f-*;l/Xr-^R S T 

Ti-n^wz^wmw^i-^^T—'jRsizt, en 

&©Uf-*;l/*r-^RSTl, R ST2£ig®J*5^ 

Tl, RST2©ffii£fS*SU3 L ^bT$fh>XT 10 

[0 0 7 9] CftfcJEEBiS***:, 06lC7*£ft3=); 

cn^OUf-^l/^r-^R S T 1 . RST2tt 
£S7j|b1 (YTjIp]) tcH^JlCtSl^nT&O, ^0*© 
2«tt3*rtLTl/*-*/W*-X»7 9±E»±S»S 
tl, U^)V7,7—mSsm8 1 R (15#i) fCcfc 
9 X£fl©«/NSH&» 0^lRlOtt/h@fi&tfY*lRl©^ 

£jm<D ] )-7*-*%KMUtW>%&, 05T'te 20 
T*&3. COfeft, S T 1, RST 

2±<di^;i/r i , r 2wmfr.mmyt<D%ncM!R 

WfcttfflStU {^©Uf-^UR 1 , R2£O^Tfe«i> 

[0080] cnSOU^l/Xr- S>RST 1, RS 
T2±Ete, +X^[Rl<DfflUlK, l^^Xf— ->*R S 

ti. rst 2 tmemti (mz.ii-t7 5.vzxm) *» 

5/&5&»)gi8 2 A, 8 2 B#*ft*nY#fttCj£»S 30 
tlTfeD, cn^(D^mm8 2A, 8 2B©+X73lR]© 
SltiBKieittTU— »f : F*tt (WT, msWhl 
1^3) 8 3Xl~8 3X5fr6U— ♦fe-i*J:t)ftStt 
9 1 X 1 -9 1 X 5tfJH»3tU T^H-8 3 X 
1 - 8 3 X 5T*tt*0K»ft*3^LTffi£03S*iiifc 
W*SffittSffl*StS!l*5i:fcK«J:»K U^*;l/*T- 
5>RST1. RST2©X*|p|©ttB*ltaiLT^*. 
llT, T8W8 3X3fr&0tNWkr-A9 1 X3fi, 

2#©fffije-A£WLTi3D, Ctl602O©ttaHI 40 
JjOU^JI'Xt-^RSTI, RST2©X7b-ft©<lz 

[008 1] *0HT*«, ttaHtr-A 91X1-91X5 
0Y£fil©HHW\ ^K^8 2 A. 8 2 B©Y73|p]©ti 

A, 8 2 BKttHr^tl*»OtH8lf-A9 1X1-91 
X5tfWt*nT^*. «*I$£T?I»»*.&2* 

ottijtr-A (mar 9 1 x 1 . 91x2) 

Klft 8 2 B) ElPffc^SftSJ: 50 
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C Off****** ST#H" 8 3X 1, 8 3 X2 

Ctt«iJSBBI*HtUT^5i:**ti:i:^-ef 5. cn 

C<koT\ f££©J:9£ = F$ft8 3Xl~8 3X4©ft 
JMtil^iWH- 83X2-83X5 OlHMIlCfltftft 
KSttK-rcfc^-ef 5. T!$it8 3X 1 -8 3 X 5© 

60W-«ffl[K*^^T7f—^iWW813 8 tt, £xn 
Xf->'W S T 1 , W S T 2 fcOnJRMSftffliE'rSft: 

)IZt-¥R S T 1 , RST 2©@]S»^X^f&]©{4 
■MfPtffft*. 

[0 0 8 2] -73, 06Cfc^T, 8 lOlx?-* 
—>"R S T 1 0j£S£fi£»ofc- Yj&ftOljfSfKtt, 
-tt<D®mW.tLT<D1— f- +a-78 9 A, 89 B 

!$tt (*B*) fre>, cne>©a-t-^a-^8 9 
a, 8 9 Btcwtr, ; en€n2*©i/-^*k"-i,j;o 

&3fti«e-A l#©fWJl£-AT'tt3?L 
T^S) 9 1 Y 1 , 9 1 Y2W?tl, *0^BiS© 
-tt©TiMK£oTm£©SMKftLTl^^7. 

>*R S T 1 <DYfifa<Dm%.GLmffli<nZo £ 
fc, £f52©U^;l/7.f— v ? RST2©+Y73lR]©iSg|5 
let, -W©3-t-^a-78 9C, 8 9D*H« 
n, -ftO^Wtt^O^ttS 3 Y 3, 8 3 Y 4 
*^<inP)©3— f— *a-78 9C. 8 9DCWLT 

ttiijif— 1 y 3, 9 1 y 4 (H^n:« ; en-fn2* 

OU-1ftf-AJ;9fc*) AW?n> fi$ft8 3Y 
3, 83Y4KJ:oT J ttl J E f ftU?-*;l'XT--S>RST 

[0 0 8 3] en5>©*V;WU73S©^iM©ftiiHfi 
i, 05©Xr-^$iJffllgil3 8^^n, *©tm 
tttlS^Tl/f-i';l/^7— J'RSTl, RST2©Y 

tummmmtti^ bps, w-we— a 

9 1X1-9 1 X5£Wt5Ti$H-8 3X 1 -8 3X5 
ftSije-A9 1 Y 1 , 9 1 Y 2&tflH-ilie-A9 1 
Y 3 , 9 1 Y 4 £5*5 2 WO^;WUSaoT»ft 
t IC * o T £ /Wf - <D^m -> X r L tomtit, 
SftTV5. &*5, T8Wt8 3X1 -8 3X5tfB5 1 5 

ttTWta 3T*g^n, ®mM8 2 a, 8 2 Bstfttsu 

e-A9 1 X 1 - 9 1 X 5A^n€nH5T?(*»»»8 
2RtfttiiiJtr-A9 1 XT*g^nTV^ 0 
[0 0 8 4] ^C, ^X/^7.7 : —v ; WS T 1 , WST2 

©liii^sa*^^^^^? 1 akov^th 5 ~m 7 * 

*P L lOSKflM)^ GtWAX 1) £, JyJtV 
MS8 8A, 8 8B©*tlf f notttt1'^i:*aDX«l 
lc¥ff£l!K:f9oT> ^i/^f-^WS T 1 ©-X73 
lR)©iJB©SI^® 8 4 X 1 14, =F^H- 87X2 ^6314 

ou— if u-a* t>ft*tme-i» 9 2 x 2«sn 

TV^, Ht8t, «>X/^r-^WST2©+X73lRl© 
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m<OmmS 5X£«, ¥8ffl-8 7X5fr63tt©U 

— if e-A* o asM-ase-^ 9 z x 5 wsnt^ 
a. TBW-8 7X2. sTxswi^necswjt^s 

tttSCfcEJ:!), *g|*iBOS*ffil^e<DX*|Rl'\ 
©«aStt*ttiWUTVS. 
[008 5] C©Ji£, H6t^"TJ:dK, ttHtT-A 
9 2 X 2&tf 9 2 X 5fi, ^n^ftSVfcifeSfcSffitt 
Sl*ff 5 C fctfT't « 3«OL/— f e-AT'feSfcit), 
*fjS*5 : F#tf-8 7X2. 8 7X5&, ^WFtltfxn 
Xr-^WST 1, WS T2©X73fo©<i7.t£:f«ta 10 

cwuc, &xr-^©^i>ha (Y«ioaoo@iBft) 
Stfa— fy^ft (ZNH90B1EA) ©w** 

tacfctfT'ta,, COW^, #0iJ©7X/\Xt— >*W 
STlStfWST2lCtt, B6K3Vf<k3fc**i J E f iX7 
x/nW 1 Sl>"W 2 © Z 7j ^©t/Mgfk <i£4ft©fg 

y^f-v'L S 1 RXS L S 2tfRt*6tlTVVbtf, Z 
• i/*y yyxr-^L S 1 RXJl S 2tfH^£teKlt 
S8 4 X, 8 5 X«k»)fefi^a5»fc:fcS 0 ioT> 7x 
AW1. W2©*/l/bfc«», RXf3-'(y?Pl&m<D 20 
B©e«l»4^T, Cft&©TiMt8 7X2, 8 7 X5 

[0 0 8 6] XfficDftil'Jlf— A9 2X 2, 9 2X 
5t4, 7X/>Xr-S>WSTl. WS T2©#®)t£H© 
iit'fl^XAXf-^W S T 1 . W S T 2 ©Sltffi 

8 4X, 8 5XEBM*?ft3J:$Efc-3"EV*. flfo 
T\ X7»OIaT«, SlSft^PL lfcfflWciSft 
^ Xli75f'^y h&8 8 A, 88B©ffiJP$tS©fa 
ft©*£fcfc* •JlAXf-^WSTl, WST2©X 
75f|B]©tftg{itt»Jkr-A9 2X 2, 9 2X5*fflWctt 30 

[00 8 7] $fc, H6RtfH7lC^-r«J:5K, 7x;\ 
Xr-^W S T 1 . W S T 2 ©+ Y73fr©{»Jffitf&fj^ 
i:LTOSi*ffi8 4 YStf8 5 YKiDX^tlTfeO, 12 
»ft¥£P L 1 ©ftflSA X 1 ^310 YUKWftlHiVf 
-A9 2Y3#=F»tr8 7Y3fr&E»iB8 4Y, 8 5 
YfcjSftteftTVS. 77-T^yh^8 8A, 8 
8 B©*ft*tl©tttHi|>i»*»!) YfHlC¥ff*thS'je- 
A9 2Y1, 9 2Y5£*n?n*Tfa ; F$ft87Y 
1 , 8 7 Y 5 fcHtt&ntVSo *09©«S* 40 

L 1 *ffl^rc&ft^©7XAXr-^WST 1, W ' 
ST2©Y£fc©{&ltr»fcH:, H-iJlf-A9 2Y3^ 
JtOTHttS 7 YSOttiJl^ffll/^n, 77^^ >h 
&8 8A, X«8 8 B©$fflR#©7xMXr-^WST 

k xawsT2©Y73ip]©&itfji'J(ca, ^n^nT 

$tf8 7 Y 1 Xte8 7 Y 5©tt«Mt^V^6tl*. 
[0 0 8 8] ioT, *ffiffl*ftKJ:D» Y«l©=F8»r 
87Y1. 8 7Y3, 8 7 Y 5©tHffle-A#7XAX 
r-v'WSTl, WST2©£*fffi8 4 Y. 85Y<fcD 
*MU*fciW&*. *©fc«>, Ti$tf8 7X 50 
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1 Rtf 8 7 Y 3 ©IHK YllfcTff 9 2 Y 2 

fcftOTSffl- 8 7 Y 2 TiMH- 8 7 Y 3RD* 8 7 

Y 5©KEYWE¥fT&ff$Jfcr-A9 2 Y 4*ftO=F'$ 
tf8 7Y4*Ktt3CfcEJ:!K 7xaXt-S>WST 
1, W S T 2 ©fictfiB 8 4 Y , 8 5Y£fH, 

fc-oo^tw 6 ©w-a tr- a*w« na j; 5 k l 

TV5 0 C©fclfrfc, »itLTOSKS8 4 Y&tf 
8 5Y©X#IrI©«*DX 1 tt^L tHB"J£-A9 2 

Y 1 , 92Y2, 92Y5©X£fiKDHIHDX2* 

*Dxi«fcot>»<»£LT^s. c©ts»x ttiJtr- 

A9 2Y l~9 2Y5«e©«#fS2O0tta!l£-Atf 

PPfcSlffi 8 4 Y. 8 5 YUcmsznzti£&&t 
sua (»#«fca**3tt««H**i-5) rob, $ 

$©£ 5 £*©«!!■?£ l ©T£ftfr 58 2 ©=F$tt£ 
ttBffi©£ttttL*fToTV* 0 CftCcfcoT, >7IA 
Xt-^'WSTI, WST2ttY*|flHC*^Tt>, iS^ 

[0 0 8 9] ft*, Y73(n]©{5iBlfaiJffl©ftiJ^-A9 
2Y1, 92Y3, 92Y5tt, JWetlZtfAElin 

■caifcttBtraifcfT? c ttf-et 5 2«©U-1f 

A<fcD£3fci6, W)£-ra : F!$tt8 7Y 1, 8 7 Y3, 
8 7 Y 5 tt, *ft*fttt«»»©Riffi8 4 Y, 8 5 Y 
©Y73[Sj©fiH©fflt, X$4©ls]9©fllf4ft (f-;l/h 
ft) ©ttMfcfTdci:tfT»*S. *W-ett, T#tt8 7 
X2, 8 7 X 5, 87Yl~8 7Y5©£ft70© I Fi$ 
tttCckoT, C/Ia7t-^WS T 1 , WST2©23& 

1, WST2©rt©-73* , S^>-'5 r >X?:^7LTV 

am, w^iAm R^x/NT^^vbv- 

MMeB 3 8^ fXAXf-i^WS T 1. WST2© 

[0 0 9 0] ^©Sg^St/SJiJ^tCOVT, 
B5K«^TWWt5 0 05lCfcV^T, BJttJlfiBT?* 
aK r F, A r F, XtiF 2 IfJtWi: 

ffl^n/c^;UXU— y^iOftaS^B, ->r^4 
2fc»BLfcft, =7-4 4(Cj;i3<i|pl$nT, If -A 
x+^jf4 6, 4 8K*0Bafttr-AgCB^ 

tu »i 75-f7-ruyX5 oKAWta. c©^i7 

7-Y7^UyX5 0*>5)Wtl!£ftfcBftftH;> 1^>X*5 

2, SI!)57-54, U>X56*^UTJB275'<7 
^lx>X5 8(cA^-ra„ i!©^2 77^7'('UyX5 
8J:0S*ffi2nfcBJlSt{4, UyX6 0^:liT> Uf-* 
/PR 1 (X14R2) iWfiftffiBKBW^nfeHS^^ 

> H 6 2 CI U CC T»m^^K* ©WS^^l 
ntzfe, U?tJlt QMffifr & B*»C r 7 * - * 
X LfcffiBtEfi*tifeRl»7*5'f^F 6 4^1ii L 
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T, 'J U—UVXe 6, 6 8^iiTl^-^JS^^ 
tlT, W^Rl±©ffi£m CCT'fi^XU 
7 h«OS8WIB«I A (06#I8) *WWr*. 

[0091] #e, *M0Mfpstt % 

OOt«TC*5B3tll|?JIBIB7 0Rtf*T-^M» 
813 8§3b^«iasnTV^5. «*.tfl/f-*;l/R 1© 
/<*->*9x/\W l E»tt§i§£Ett, BftlftHB 
817 ott, u^7;i/R i fc7x/\w i ^onfflj&ft^ 
HW&Sft«Olc$te4oT, ->-ry2Hfjgg7 2E}§* 10 
LT^vy*SKIl$7 4£!IIl^^tT^'y#4 2£;i- 
-7Vf5 0 

[0 0 9 2] COll, XT-^M8H3 8E«fc!K ± 

o©fe^icj£i;Tl/f-^;UR i i7x/NW 

1 , SP^l/'f ?;I/*r—>*R S T 1 Wia^t-^W 

s t i toRi^s *»BBte«ns. cm 

JBj£4tt» M2Lfc*XAXT-5>ffl© : F}$fh>'*TA 
©fHt£-A9 2 Y 3, 9 2X 2Rt>*U^^;l/Xr- 

ffl©T$f^xrA©ft$je-A9 i y 1 , 9 i y 2, 
9ix3 nunm*- * l-do, zf—'jtmsm. 3 20 

8E<fcoT7.T-^S§»8 1W, RtfU**/l*f— 
5WMMI 8 1 R 5 c E J: *) mtiZo 
[0 0 9 3] *l/T, m^T-i/RST 1, WST 1 *< 

€n«MdHB«tlfc»j«T?, BfttSJWSH7 0T* 
tt, U-ifWmm 7 6 KJg* LT> WXJ8#&M»S 

©bbujihwi a (i6#i) tfawHstu toiawiB« 

I Art0/<*-V©fc#Kl&ft¥SP L IE J: D 1/5 
ffiE«/hSn, *©aiBE7*bU^h*^Snfe 30 
•>XAWl±Ea»»3tStl5o ££T\ mQfrb&W 

wmi k<D%.g.m<Dmm<. i^^ri^x 
awi t*Fim%Mtzcfc\ >w-yffit$.<D£®<D 

&#7Xa±©* 3 y bS«E«*lK?«n5. £©B 
3tOlREs B3MSIWKII7 0MU 57-Igf)SS7 8 
KJ8SbTfift55-5 4*M6««*Cfc-e, 20© 

[0 0 9 4] ;t£B)WE7X/\W 1 ±©&S/a 40 
y H»«OX-y J?»©5fiftE, U^^^R 1 ±©^*~ 

tt^iiic, uf-*/i/R i £7xawi t<DMM^mm 

Ixm^yJ y K 6 4 751' y FWtPSB 3 9 E<fe 
r-5>MW»B3 8fcJ;D*SSnT^*, HE, ±ffl 
Uf - * ;l/*T- 7 XA* r-S? (DVhfeffl tetiiMm 
fP8i3 8 K«LT*T-$>ffil©MiE«*£jjVta. 50 
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[0 0 9 5] JfclC, ±iB<D<fc9E*#J©l/^?;l/Xr- 
v>'R S T 1 , R S T 2 , &tf 7XA*r-$?W S T 1 , 

ws t 2 Etttn^nau^WEttjiiKH^aabT^* 

«»©T»lhWEl«nT*5 0 » ^^©ffflffitf 
8ttSSn«J:$K«lSSftTVS. KTflt 07© 
7x/\Xr-> ? WST2, Rtf 20©Y$fl© : F$ft8 7 
Y 3 Rtf 8 7 Y 4£#ijE®?T, T^tfOttilMiKDStt 

[0 0 9 6] &1\ 07©{uBE&$7xat,t— >*W 
ST2tf-X£lSjE#®)T3^ C<D&®(D&$X'ftm 
tf-A9 2Y4tf, *XA*r-S>WST2©£lMlfc 
LT©K«®8 5 YEA*ft%<*«o IE, 7xaX 
T-S>WST2tf+X#|63K£irf3i:, C ©&ijj©}£ 
* T'tHW If- A 9 2 Y 3 tf, mm 8 5 Y E Alt < 
*CT% T»tt8 7 Y 4 fcT$ft8 7 Y 3 fcOH 

4 , 8 7 Y 3 ©ftnfr%ffl^TS«14©5S:|flfiT'7x 
AXf-fW S T 2©YffiS©ft$J£fT?&M*' ! £;z )o 

[0 0 9 7] 08 (a) fi, 07©7xa*t-v ? WS 
T2*^-T s FffiH"efet)x CCD08 (a) Efc^T, 7 
XM^r-^WST2©X*|«0©Sffitt, Xtt©Tj$tt 
8 7X5E«koT, $fc> 7XAXT— >"WST2©Y 
*lfil©^ffitt, 20©T^H"8 7Y3, 87Y4Ecko 
TiBSSnTV^. I F)$tt87Y3, 87Y4©ltiJlf 
-A9 2Y3, 9 2Y4©X7^|p]©F^PiDX2ti, 7x 
/NXr-S?WST2©Si*iB8 5 YOX^IrICBDX 1 

[0 09 8] :CT*, *ffil© ; F*tt8 7 Y4. 87Y3 

5, tt«ije-A©^fcbr«±ti©^0^©2jiisi 

SHBU— «f (WAtf-lf-VVS»»l©»fi6 3 3 nm© 
He-Nel/-+fW ^ffifflStiTVS. <I©2^S 

sft^A f (ffiAtf2MHzea) %#-rs»K 

16 2 ©^^MiE'Nr a *V > tf-A i: LT*tffi£ n 

c t vm®. a f mmim s r *<aa«tu c copm 

\m S R ti^WV! 87Y4, 87Y3 ^©^nf" n©^ 
tli±©§§2 6 (|9#I) Edg&StlTH*. 
[0 0 9 9] Sfe, ±IB© / NrP^Vyt:-A^^n ; !-' 
ni/1 0Sfi»ttUT»6nfc»K RtfS2©'NT 
o^>e-A*^tt8 7Y3, 8 7Y4Efltte$tl 
T*50> z F^tt-8 7Y4«H2©'Nra^ye-A© 

■JWftjWtsrr* 2^©-^^ttsije-A 9 2 y 4 
#93^-^^, s*H8 5 Y-eg^n/ittije-A9 
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2 Y 4 k£$ft?Tif&£tffcWft%ftTO&-f £>il *MKp6©9x/nXt-S>WS T 2©Y#fi'\£>g{4i% 

k-flSKBA f T\ j&OfflfitfBffctSJWMras 2tf ESKcg-TC kfc4S. S-OttWffiOSJJfiffi (P 2 0. 

£«;snTB9 0<&fflJti8B2 6K«is«n, {ifflJt& p i o) tiflBtirantv*. 

«2 6EfcV»T, ±E©#«HI#S RkHSOTS 2 k [0 10 4] ST, 08 (a) Efc^T, $x/\Xr- 

©ffifflg0 2tfffi£©#l¥MiE (1^2^/1 00 (r 5>WST2tf-X#flESE8»LT, 08 (b) E* 

a d) ) i?*asnTSW»2 7Kfla&*n*. timimtrcttZo ms a) -pa, wits i y 

[0 1 00] C<D&iC tt«ije-A92 Y3, 92Y 4 4 0)itffl\Z-h, 9 2 Y 4 1$®WMt LXnWMMZ 5 Y 

©&ft£AkLT, iJ^CBftmfcffl^T, SI4B8 fr55WlT^«. <:<D«ffiTtt, ^xnXf-^WST 

5Y#Y£faEA/m (fflO^ti'V^W^S 2©YJS«tt, T^ftS 7 Y 3E<fc-3TfHBI£faT^5 
T*«m=2, ^WUjJiSTIini=4) mm 10 fc<Dk-fSo CO«J8*^lltfH8 (a) E^ffiilE 

Klbftkf E, *©{&fflM0 2*^2 n (rad)gfbf IcOfroT'f XA^f-i^WS T 2*HX#|S|E&l!)£j!& 

5. £fc, ffiffiS0 2O«HttO^0 2<2»T?J6Os #\ KWiB8 5 Y#=F#tt8 7 Y 4©ttMlf-A9 2 Y 

B9©«»«2 ftffl;§0 2tf 2 »*+£|njK« 4«liBB ($J£ffiH) rttA^fcRK, Wit 8 7 

WSIBEffiSoSft fflj>©*Bfc:«3*5) N 2tc 1 Y4©ft$Jffi*J-:TF0£?ELTf8£ (T'U-fey t) * 

£iD»LT, fitBM 0 2tfO *-#Afc*W*HK«> So 

urn 2*>5 1 ^M»t5 0 *i/r\ mmmm2 10 1 o 5] *1\ xisowtts 7 x 5<ottitr-^ 

7 8 (Nl+02/ (2n) } tA/miiRCfcttWi 92X5 (2 tf^-A) laoT^xnXf- 
P24">XM^f-^WST2 0Y*lSlOtftWffiBi:L S T 2£>[b]$e8 0 W2 (KHT0 KifiHS'hB ( r a 
TXr-^*J»SB3 8KHl5o d) T*fc5) *tt8BfS. C0>«BT\ 08 (a) Efc 

[0 10 1] Wft8 7Y3E*5l>Tfc, ftiJ 20 l^T, ft«'J£-A9 2 Y 3*fll^*=F»tt8 7 Y 3E<fc 

e-A9 2 y 3fre>*# snssjOTts i tm<om s YBWottMBP i £#*6s 0 fc£u cottsjBP 

ffi^SRk©ffiffiM0 l, co{4ffiM0 lfc^/t, Xti ltt, 5j"7-b-y MiE*^dljOiS^<DttilJ<BTfeSo 

0**«*»KJ|»t*»»N K &t/A/mfre>SHi *-l/C, W*.tf*T-5>SJ«IBfi3 8 Efc^T, *©ft 

SftSttaMi P l *Xr-5>il?J«IBB 3 8 (C%5. BP MB P l <fc 0 Wit 8 7 Y 4 otmsn 2 (N 2 tt 

*>s Wlt8 7Y3, 87Y4(i ; E-n€n'>XMXr- SB) k, «K»e2/(2;r) k 3 „ C 

^WST2 0Y^OffiB*, A/mOBrtTafftWffi Ottfte 2tt* ±E0*2fc»JS**ttT»fc5. 

BkLTttfflLT^S. [0 l 0 6] EP^, Xf-: ^#JtP£B3 8 P^tDiSSSi 
[0 l 02] ^L-T, #0t]©X«l©Wft8 7X5tt, tt^'JtT— A 9 2 Y 3 . 9 2 Y 4<DF E 8HDX 2, 7x 

0 6 t^-fcfc a E YTtfQElttlfc 2 OOU-iftf-Afc AXf-v'W S T 2 OW-fflffl 0 W 2 , Wit 8 

■*TV*«fc& cne>20©U— »Tfcr-i*fcJ:Sfitt 30 7 Y30ftifflBP K &tfWft8 7 Y4, 87Y3© 

®8 5XOXSSOftilllSOS»J:5, 7xnXr-^ ttWBOttJflB©!^ (=P 2 0-P l 0) <fcD, W 

WST20BfifteW2*tKllTt*. ^iIT\ ¥&0 tt 8 7 Y 4 0*7-b>y h B^ffiOttfilB P 2©ft£ffiP 

8 (a) 0^T*©H*KfleW2tfOfc;B:5«J:3E'> 2' ^o«}:^ci¥m-rSo 

lA^f-; i?WST2«M:Stffc rfgj^KttJ T\ T P2' = P l +DX 2 • 0W2 + (P 2 0-P l 0) 

$!t87Y4, 87Y3fcfe»tS8RN2. Nl*0K [0 l 0 7 ] MX-lt Wtsfi ©tHMB 0 W 2 OttfflBfitf 

'J-fey htSk^ts IHIISft*tMBg« 2, 0 IE a^«^Ktt, C Offi^fil P 2 ' £^©3: 3: Wit 8 7 

(l/(2ff)} (A/m) *BtTB6n*ttaMI Y405!ftOftil«BP2©fflkLT7 , 'J*yhLTfe«k 

(*Mflffl) P2 0, P 1 0£Xr-^fcJflHgB3 8E$ V> 0 L^Lft*<6, W-»BeW2e«*«8fi©ttWK 

Oiitr. M/b^$tlTV>5clk^?>fci6, =F*tt8 7Y4tifi 
[0 10 3] *LT> 7f-J?tll«l3 8m W 40 A/m^fiT'HWfitB^ttilliJT-f *C k^rfijffl LT, * 

tt8 7Y4, 87Y3©ft$JB0*7-fe 7 h^n^tl OB*«SJtt*OftSfflP 2' %fi»»k*SI»»kE»» 

-P20, -PlOkUT, u£D^«Wlt87Y4, tS. StoT, Wtt8 7 Y 4 CDttilJfflO«^B P 2 1 
8 7 Y3^5><tt^n§ltiS l JflP2. PllC*©*7-t A/mON2BOH0OB« t «l»e 2/ (2 

7t (-P20, -P 1 0) ZmWlsTcm, Wlt8 n) k^So Bll^x Xr—>*»gl3 8tt#0«fc3K 

7Y4, 8 7Y3©H^©ltiHlP2' , P 1* kt BBN 2, &tf«ae 2%»tU tS. 
So EP-^s COttBHBP 2* , PI' It l&VWmW.* [0 10 8] 

N2 = g {P 2' / (A/m) } (1) 
e 2= {P2* / (A/m) -N2) (2k) (2) 

cct-> g {x} i4, x*jBA4^B*o»»*4A* t*{4, ttiJBP i frbmnz^mmRmmm 
mv&Zo mzum^&oKXT-yymms* 50 sb(n2. «2> t, twh-8 7Y4^b«kiw!« 
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ftSftfflM (ttttffiffl) <t>2kfrt>. I Fl$tf8 7Y4© * [0 1 1 1] 01 0 (a) ~ (c) (Cfet^T, WHAUP 

[0 1 0 9] 09«, ##J©Xr-:^i«B3 8©- =N-1. k = N, k = N+ 1 ©fBB©{itSM£0*b 

Rlffi$ff8 7 Y 40-a5^/TNt, 09£*-f <fc? T^§ 0 1 0©iW}?fttBM& 2 K^tLTV^o 0 

T)$H-8 7 Y 4ti, 0J*ff U-TOifr£ti3;>3£n 1 0 (a) it, ^©GttBM 0 2 tmmm^iUe 2 

#SHI^f S R £ mitm S 2 («■« t-kl #!$ t ©M©*&*HItf ^ J: (|<^2 — e2|<7r) 

Afc©Ti$ft©ftm£${I€) itfx*/£n-5{u$IJ£& if££^LTt,^o £©Jf£fmT©10#l|5£©&fSM 

§32 6^LTV^ D <fi*SJt&§§2 6tt, #,WtS R 0 2 «#$N T$©#&««£{i)ID N 

tmtms2t<D&m<t>2mtiib, m-inm t*&d, ^^^hin' =Nt-rs<> 010 

*§M0 2^«S§§2 7tCffitl$nSt«C, Xf-i/**J 10 (b) It, £®MiL®%0 2 5><fifB©Jt£fit £ 2£M 

fl?^S3 8rt©ft»^aS12 8(Ct,Utl^?tlTV^„ U/cffiA^ j;DA$^ (0 2-£ 2> n) *§££*UT 

ffi©Tj$ttt>^n€nmiJtK§§2 6, v^ 0 co«^ttH^oat)^iaoffiffl8«2tt^»N 

82 7*ffl*.TVSo -lrtt£S©T\ HSN' it, N" =N-1 

[0110] «^g§2 7«, ff-aii^icttiE©*?^* fc^So sft,Bio(c) & m&<Dim%<t> 2*^ 

OffillS0 2Oa{bJ:»)S»N2«SWLT, (N2+ ftffl©ffi£fil e 2*«tfctftf- n J: t)/J^V> (0 2 - 

0 2/ (2 *) } £ U/m) fcSinlf 5ft5ttllWI e 2<-ti) «£fc*LTV5. C©Jf £&0*©jID 

p 2*s (*W"pttSjtai8 5 y) omm** 2«3Wsn+ i rt^*©?, N' =N 

u ^o«fcdEttaMt©stt»t*ffd ttcii, tw [oil 2] tts^ag«2 svtt> uiozonix 

ffilSl2 8m ttffiJt«»2 6fr&A*£ftfcffitB 20 Wb1f7V*y hfitN" %, B 9 ©1(11882 7K«t* 

M02t, ±BO«JI»A^A*«nfciSl»©«««e 7'J-fey hfitREtLTftifrfSo ffl»827T*li, 7° 

2fc£itf$nr5o cflDitRtt, «s?nfciifflM©«^ u^^hbre cep^n' ) zmm2<D7v-tvhm 

file 2*^0 (HfP) Xtt 2 * fcifiV*l|£, fltSLfe^ fcl/CRSU ffiffiJt«S2 6fr6©ttSM0 2 t*<D 

mmmmH2ff±i<Dm??n?^zm& mm' tfrz%<»&?icYmmmm? 2*mL 

tf&Z<DX\ *©ttSE©fctf>fcfT?fc©T*i&*o C©Jt T, Xr-^SJ»8B3 8 KflO&U &«jIt©tt$JS) 

«0»ft*Bi o*#jauooww"r* D ill 01 (Mi 

0T'«, N2©«l£«*#SNi:l/C^S. * 

P2= (A/m) • N" + (A/m) (02/2/i) (3) 

CtlK.Zr>X> =F»lt8 7Y40lH«iP2tt, SaflS8H2 SOtftfj Wt-yH) RE (=0) * 

CTcOfilCaWUcCfctaSfc^C, =F*tf8 7Y 3 30 H»g§2 7 KIBtt** 0 K LTfc< £Stf&«. C© 

ofHWStfTaftt 8 7 y 4 EiEstfcstj-asn/'cc tic *f ea©t camiM («swfflffl) 0 2 \zm<$ 

mmtmim 2 1 &m 8 1 y 4 ) eta&s ns 

[0 113] W±Oct^(C*fljT?«, aiffii^&OSWJtt C fcfcftS. |3M3lJC=F*tf8 7 Y 3©*J»lfiIt>{MB!g0 

<I*R£t*ISfctt, te©II2©flM|-©i»£fitfr&* [0 1 1 5] Sfc, aQHB2 7©W*P2iWMIE*i; 

BSftSII****©* 1 OTiW©T»03W» (N TtHSJ&aSHl 8K74— K/Vy*Sti3J:5l/Cfe 

l , X«N 2) £#>©«§£<! LTfiJfflU &\ c©»^, 7*«a*tf y-fey h 

tag (^wfiffi) 0i:KS^T, *©m©flWH-© n5gT©Rg©7xn*T-:^©gffii$T££i&Ta[ 

TMS (NK X«N2) ©7'J-lr-y hfit, DV>T 40 »§§2 7 C/'J-try Mlt LTig^-T^i: fc^Tt*. 

fiTM©ffiJfii©7 Pl J-b-> hfil^)*^-r5J;^lcLT coiBKti, 7xMXr-^&©Slt)t*^^fi: 

m^-Lmmt^-mnx^ fv-tv hfitR e 2m%%z 7kr 

5fc46, fMN 2XttN 1 a«WHT?&*tfx ffi© S?n*ST©IH©7XMXr-^©Sffil$'CS!f*L 

J&, fO : F»tt©7*U-ty h«fi^©fj^ttHW©l!lfi 5. 

TtB&fSCfctfT?**. [0 116] *fi?iJTii7XM7.r-v/*WST2^ 

[0 1 1 4] ftfe, 8Sfi*>±^^ <sr&3^©JSHT? ^ftfSISKtt, 7x/NXr-^WS T2©ffl!M8 5 Y 

ZTvufemcmimmmku ±T©=Fi$it©thij \c=Fm 87Y3~87y 5*»6©ftiwtr-A©rt^ti 

fil*»J-by h-TiiMKi'SUfett^Ktt, 09}CfcV^ *» 1 *©H"ije-A*W$nTV^^*^5. *© 

T, IW«ai«2 8K*»N2-0*i!J»?» WU<lt 50 *09t?tt, fcttill £-AHI©ISM («*tf, 08 
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K*?ttiJ!ijt£-A9 2Y3, 92Y40IWBDX2) 
t>\ ^l/\Xf-^WS T 2©X#|iO0ttDX 1 

[0 117] £fc, 06©lx7^l/Xr-^RST 1, 
R S T 2 cDfiHItiy^tT? fc*0=F m 8 3X1-83 

r-v'W S T 1 &tfW S T 2 t OFIT'^n^n^XMtD 

si^ff i &t>ig 2 ©ss^xta mvznx^ io 
[oi is] m i coffiJM^xri.^, 01 nc*-f<fc? 

fc, ilOiAU-fi' y^ftBK&^x/NXr- 
i/*W S T 1 t<D?$V'<mtZ> cfe 9 £ LT^iaSIS^t 
do COmiOffiiM^XrAtt, Yffc^ciltf^l 
©p-TW^tf-T F9 6A, ytfii-i F 

9 6A(C©oT^»t5^lRy : ^2(0X'7^^9 7 
A, 97C, ^1©X7^^*97 ACffiDfttt&nfcT 
yp-F7-A9 8A, ^©X^*^ 7 C£$(?tt 

6*lfcn- F7-A 9 8 C9*SA/C*ljaSft*£ 1 20 
OIAU-^L 9xa*t-5>WS T l±fcflfttt5 
nfc3*0±TT6»*»»6ja*»10-fey*-7y^9 

9 tfrzmtitenzo 

[0 119] L<0%\Vffi&^Tk\C&Z>*J3.>sm 
<Dmmc-o^T, lB#£WWt5. LuT1i> 01 It 
jjVT J: 5 K, SHOiAP-f-f y^ffiBK** *x 
A7f-^WSTlllCfe5^Wr £3Sl©£x 

AD-^ciouB^snTtfOx/NW i fcjwsasn 

i)iAXf->'WST 1 ±©^0;*© , }xa,-}vI/#'©X 30 
fflRJUfc^ELT^XAWr 3. & 

±MtPSB9 0"C«, TO*©-fey*-777SB®J 

5o Z<DtfMX\ ±m%B9 0T'&, *B*0$xa 
o-^»JtpaB«:^LT7>n-K7-A9 8 A*»>x 
AWT ©*TK»»lS-&*o CfOttlf, ±$<Jffl8B 
9 0Tii, *yfi-7V79 9*f9feVL&* T'TBII 
£tft, ^iaWI' *7>o-K7-A9 8A»cStt 
BLfc& 7>o-F7-A9 8 A©*a»ll*BBte* 40 

±*J»SB9 0T?tt, ^X/ND-^Jtma 
BfC7Vn-F7-A9 8 A©jI$i:P- F7-A9 8 
CQiMbnWtffijtt'So CtUCfcth 7ya-F7- 
A9 8A#01 10-Y#lS]'\©fMft*ifl&&U "7XA 
W 1 ^^}f Lfca- F7-A9 8 CA^xaXt— >*W 
STl©Jt#£*fcfc*, *x/np-**i|»8BIcJ:!> 
P-F7-A9 8C0H2©S#JPft£*l> St^t-fey 
£-77 79 9*±#WB»-rsci:^ ^xAWitff 
XAXf-^W S T 1 ±lC»«£ft*. 
[0 12 0] £fc, ^x/n^t-^WS T 2 fc©Hn?$ 50 
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X/\OSJtBU%ff5*2©WaS^f-Att, HI 2fc 

jjvr«fc5fc, asiofsas^rAfcWftt, §!2©p- 

9 6BC$oT&®rf3X7'l'2 , 9 7BRtf9 7D, 1 
30*5^*9 7 BfcttDtttt&nfc7VP-K7-A 
9 8B, B4©X9-r*9 7 DK*0(*»t6tlftO-K 
7-A9 8 D*£3A/CflllK£ftTV3. P-F7-A 

9 8 D^c^i^^^:Sl)t^n§'>x/^w2 , jwsftstvr^ 

[0 12 1] ##J©}S^Sftgfl©20©'7XM 
X7- i/WSTl, WST2CJ:5MffS!lStOV^T0 

1 lRtfHl 2*#BHLTSiWrS 0 01 1 JCf*. 7x 
nXr-^WST2±©^XMW2£S^ft¥&PL 1 
&ftLTB)!£*f=foTV*HK:, £fJP~rf V^ffiB 
KT±a©«KLT$x/\Xf--S>WST 1 fc£l©B 
jM^XrAfc(DHT"j7X/N<D^gSW7t>tiTV>5^© 
¥ffi0a^SftTl^5o C©*§^ ^x/nXt-^WS 

t i±m yx/^mc3\%m^Tmt%£oicL 

X774 *Vh9ltttffTt>tiS. 01 ncfcv> 
T, gftiJjfttf^XMXT-^W S T 2 OfiM 
(4, T^tt^Xr AOfj-jSHe-A 92X5, 9 2 Y 3 © 
IhBHiiKS-^TfTfctU ^x/Ng$i;77^yM!) 
^t^T^nS^XAT.r-v'WS T 1 ©ttBIMfll& 
T^tt^Xr A<Dfti»J£-A 9 2 X 2, 9 2 Y 1 OftiM 
fSfcS^V^TfTt>n5o ccorcib, 05©±$iffl8B9 

or*axr-^jffliaB3 8kjb*lt» ^xA^st 

BOflWBS£ (7'J-b-vh) £I&SLTV$. 
[0 12 2] 9xn$aft, Rtf¥#tt©a«Bia£K:3l 

mcfit>ftZ>V-?-774*yhttt. "7XAW1C* 

3^'ft%$n§7'J7v-r^yhf£ttt ; «(4B^i^ 
t^fcft, ^xaxt-^wst i ±T-ffatTfrn?>7 

ST l±£l8fi;£ftfc$xnWl±fcJBjSSnfc30© 
"9— TV^f^FV-? (7p0^) ©fiB£05©7 
h&8 8 A©L S A&©-fey+Hg£ffl^Ttt-$] 
U ^©ftifl'J^fCS^V^^X/NWKDXytlp], Y7j 
flU &a*0^OliiB^b-)i%fT?o CO*-f-75'< 

[0 12 3] C©*- =J-7y4*y\-<0WT'&, 9x/\ 
WlxOS>'3 7 F^£0E?iJ^Cl1T'(4ECA (IV 

7^y7y^^yvmi^mo mmat, 

XfA (ttatr-A9 2 X 2. 9 2 Y 1) (CcfcO, ^X 
AXf->'WST 1 ©{fiS^taLOO, BftlO^a 
•ybEJijT*-* (77f ^^Fv-^ffiBr-^) *t> 
fcC, ^XAXf->*W S T 1 fcHEfflMft**-^ -7 
iaW 1 ±©BfSO'>a 7 hfiitt WV^a 7 h) 
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A©F I AjRO-feyWetfflU COtNUIISSfcS'a 
7 bEaiOKttfiW-- * Eg-^Tg/hg JRffifc <}: 5 
fflHftftfcJ:9, ^T©^3'yHB5<Jr-**)¥tflt 
5. C©EGA*S077'f>75>r^VhOlB 

(o^mmm m 5 ©^j^i 9 0 1 * 9 um n, 

JJBOWH4±»JWIf«9 0KJ:»)ff*3n*. 

■)XAXf->*WST inn?, 7 

«>XAXf— 5^WS T 2flim 2$©l/^*;l/R 1 , 10 

7* F • >tfSfc<k DrMDWffbti*. Utt 

«e«\ wauft«>ivNwmi:iwicLT, *mee 

g a #se £ s 7 r y 7 7 -f ^ > h tffi to ft T fe <0 s 

C©£Sf#S>ftfc7XAW2_L©->3 7 ME?IJt-*E 
*3^T, fm7xAW2±©^3 7 HW**a»3tt* 

&p l 1 o*HT35re»ii«*fttt, s^a 7 mi$© 

Bft©fPJ^ H60l/^*;Wf—^R S T 1 (XteR 
ST 2) £7xaXt-^VST2 t££S7j|n]E[5]$ 

jtss-sscfcEJ:!?* liiitf^ns. e©=fc? 20 

;l/R2>!HSoTH&j£l»tt*ffofc& l^TVl/Xr 
-^RSTl. RST2%+Y7jfaEfi)T£*&S)bTl' 
f-*/Ht l fclMtetefiEtSSLfd^ £fiBft£fr 

m (.mm®, mmm^mmm, msmam 

T&*ft0gM&??3&£ff*5o CODl»W20: 30 
lSfft*©£g|5©f]fF fc£MW«« 9 0 t JoTHIK? 
ft§ 0 

[0 1 2 5] ±fcBLfciai UC7fit20<DVXJ\Z7— 
i>WS T 1 , WS T 2±T'MfrLTfltoft3Bfti/-'7- 

V7>t*>x/\3t» - 77<{ tvhf-fyzttt. 96XC 

ft^*7 LfcB$£T?B 1 2 E*7ftfi£77xAXT 
— >"WST1, WST2tf»»i|iJ8$n*o ^LT* g 
Jti/—7^*^7L/c7X/N^r-^WS T 2 ±©7 
xaW2&, £llD-T^y^>">'a>'T*7xA£& 40 

tffctfu 7y4*ybis- J ry7,bmTLrcyx/^ 

T-i/"WS T 1 ±©7xaW 1 tt, HWJt^RP L 1 © 
TTBJt*>—{r>^3WTtoti5o 01 2Ejfr£ft£fc$] 

aytmt. imw*/sm®ftt7?'( *yv<y 
->ry?,£tiWnZftZ>c.tk.%% 0 

[0 12 6] ±EO«k5C*WT?tt, 200fXAXf 
-i/*WST 1, WST2fc3faiLT2#rc;£fiE£l)£ 
W6< *7XA*f- S>±Of XAW 1 , W2E*t 
LTB^>-7>X£7xa$&. Tv-Y^y^-^ 50 
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yxt^MfTLTffa<:i:EJ:0s 7./l/-7°7 KD|S]± 
*H-3T^5o fcCStf, 20©7xaXt-v ? £$-3 

X7-^±7fTtoft3iMWI-SLgH£ LT, tiU?j©7 

So £fc, IE, -S<09XA7f-: ^±T*?Ttotl5il 
^flWOf x/NXr-^-efftonSKiffEBW*^^. 

■WfftttfWEffbft* * 5 1> 5 

[0 12 7] tfiRff, j£S»Wtt, 9xaW l fcu?- 
*;l/Rl. R2k£5a?ra»jj£4S£3Cfcfr£fla 

S^feSo cofcJk -AOiAXf-fWS T l ± 
TOjiSWfc'J'fi* ffi/j©7XAXr-i< ? WST2±© 
7xaW 2 T*ffton577-I'^y I- iz-^yXEfcVT 
»lkttffifcft5.fc9E*>f SV^StfftSftSo BP 
5, 77-f^yh'>—5r^XE^t*tt«tt, 7XA7> 
r-i^WS T 2*#jhS*fctt«8Tfftoti*fcfe, £4 
BftEfcoTflaSHfc&fc-f, jtSMBWKMfTLT 

aktttte-fffiflifGH-iil^fTAScfcE^s. 

[0 12 8] $fc, 9x/^««fE*V^Tt>W«©i:fc 

-7y7K***TIBE£i;SJt»*fi, flaSHfcfc 
0»Sfci6, £4Bm ^i>V^«, |W|^S*^3ig 

■pfrtons±5E45fja©inii«ii«F wasHt^ 
v\ 4fc\ Ln^^;y7», ±$ipgfi9o 

EJcoTfftotiSo 

[0 12 9] Ht> *0HTftt, «»tt©l/f-*rt/*ffi-3 

rziasTt^ff ickfrZs wm*& t D 0 F 

ti, »)tIS* / >4< fcfe2a»DE2ft^fttf&6ft 
^fcft, *-©7xAXr-^*ffli/^^E{i> ffXS 
Bt^S<4ot^flEX;l/-77 btmrtZo Lfr 
Lftfft,, *W©2#©'>XA^r-^*fi^.fefi»« 

T't5t«E> S^a^jl^aD0F©[6]±^mt 

[0130] ft**, ^woaffliEH^cinEK^sn 

5SBtt»aEafflT»**t©T***. 2^©7x/n7.t 
^^fflfSilfcEioT, 10©7xaXt-^*% 
ffi^T-mjfcffifc&ffitSS^Ett^TBfffSOB* 
;U-77 h^fScfc^T'f 5 0 4te, c©^2©^SS 
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KKtt5J:9fc:l/Cfc<fcV\i $fc> 1 ^7t* 

- 2 ©ffi&£ tcfr £ «fc o T $ x ax r- i/£S8S) U T V * 
5*\ S l <DMM<DBM<D& o K, We-*K£oT 

[0131] *£ffi©$tt©tt£BftSfl& £&©$ 
«Sfl*^4SUf-^^r-S^RST (RST1, R 
ST 2) , -)XAXf-'^WST (WST 1, WST 
2) fcfi*fiT5fc*fcK, 

S&l^&P L (P L 1 ) <DK¥mMZfi\,\ MK, 10 
ttdm (BBllft ftfflfflB*) *r*cfcKJ:0« 
jt-rscfctf-PtS. &KBft&B©C!;i(iS£ 

[0 1 3 2] £fc, ±BO*»©»Irt?tt, Xt7^- 

7y f • vttvmmmmKmwzm i 

tf-h£i£©8i&BttgB, 7n*5/5r-r#i£©Bft 
gB, SSVHi, x*ss©EUV)t*«)tif-i»i:"rs 
StftgB^l?*H (x*;l/#tt) (x*>l$ffi) 20 

[0 13 3]**% *»Wtt±ao*»OJBJIBCHJl? 
ft-f, #£H©gg*^LftvMeHT?B$©«JS*JR 

[0 13 4] 

[filcaS] #BlJ3©Bl©*T--5?SBKJ:titf, 

flB>jomi«, xttHKowsflDaiasfftfctn^n^ 30 
t, snriu?— s>a ,j t©s 1 Ms^ottanEHrtKA 

[0 13 5] *aWO»20^r-^»BK:j;n 

K£fei*-S©*T**©W»*T-s>©ffifi*B 1 
Jc*9*»SKttWTt«ft^ 7./W-77 h©lRl±* 

[0 13 6] *%W<D% 1 ©BftSBK«fciUf, 

E<fc 9*©^ft*T-^©tM*ftB***£fctt, & 
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